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Description 

The present invention relates to an image forming 
apparatus for forming an image on a recording medium 
and operable to add predetermined information so that s 
it appears on the recording medium with the image. 

Various countermeasures have been proposed to 
prevent counterfeits of securities and the fike. As one of 
the techniques, the present applicant proposed a meth- 
od of superposing a machine number unique to an im- io 
age forming apparatus on an image in an almost unno- 
ticeabfe color so as to specify an image forming appa- 
ratus used (EP-A-0554115, published on 4 August 
1993). 

Assume that a counterfeit of securities is formed us- is 
ing an image forming apparatus having a superposing 
function. In this case, when the machine number unique 
to this image forming apparatus is read from the coun- 
terfeit, the image forming apparatus used can be spec- 
ified. This can serve as a good evidence to track down 20 
a counterfeiter. 

When the image forming characteristics of the im- 
age forming apparatus vary depending on environmen- 
tal changes, the machine number unique to the image 
forming apparatus, which is superposed on an image, & 
cannot be read, or an image abnormality may occur. 

For example, under a high-temperature, high-hu- 
midity condition, the image reproduction capacity of the 
image forming apparatus may be decreased and high 
image quality tends not to be obtained, so that the su- 30 
perposed machine number unique to the image forming 
apparatus cannot be reproduced or read. 

To the contrary, under a condition in which the im- 
age reproduction capacity of the image forming appara- 
tus is increased, the superposed machine number 35 
unique to the image forming apparatus is visually no- 
ticed on the image, thereby resulting in poor image qual- 
ity. 

According to the technique described above, when 
the image forming apparatus is used for a long period *o 
of time, the durability of a photosensitive body or the 
durability of a developer degrades and, the superposed 
machine number unique to the image forming apparatus 
cannot be read or identified or may be visually noticea- 
ble. 45 

In the above method, a signal unique to the image 
forming apparatus is uniformly superposed regardless 
of the type of recording media. For example, a color im- 
age is often formed on a film-like material (recording me- 
dium) such as an OHP film and is projected using a pro- so 
jector. 

However, a signal (superposition signal) to be su- 
perposed is usually a signal suitable for a reflective re- 
cording medium such as PPC paper, thermal paper, or 
coated paper. The recorded signal cannot be visually ss 
observed with a naked eye by normal reflected light. The 
recorded signal can be read by only a specific reader. 
However, a material such as an OHP film is projected^ 



using light transmitted therethrough, and a superposi- 
tion portion becomes a shade and is clearly observed 
on a screen, resulting in inconvenience. 

A machine number is also greatly influenced by the 
color of the background of a material on which a color 
image is formed. A yellow superposition signal which is 
unnoticeable on white paper is easily noticed on paper 
having a color complementary to yellow, often resulting 
in image defects. 

The present invention has been made in consider- 
ation of the above situation, and has as its object to im- 
prove the synthesization of predetermined information 
with an input image. 

According to the present invention, there is provided an 
image forming apparatus, comprising means for forming 
an image on a recording medium in accordance with re- 
ceived image data, characterised by synthesizing 
means for synthesizing predetermined information with 
the image represented by the image data such that the 
predetermined information appears un the recording 
medium in a form substantially unnoticeable to the hu- 
man eye, detecting means for determining a condition 
which affects visibility of the synthesized information, 
the condition being at least one of a use condition of a 
part of the apparatus, a condition of the environment of 
the apparatus, and a characteristic of the recording me- 
dium, and control means for controlling the synthesis by 
the synthesizing means based on the determination by 
the detecting means. 

The invention also provides a method of operating 
an image forming apparatus to form an image on a re- 
cording medium in accordance with received image da- 
ta, characterised by determining a condition which af- 
fects visibility of the synthesized information, the condi- 
tion being at least one of a use condition of a part of the 
apparatus, a condition of the environment of the appa- 
ratus, or a characteristic of the recording medium, and 
synthesizing predetermined information with the image 
represented by the image data on the basis of the de- 
termined condition such that the predetermined infor- 
mation appears on the recording medium in a form sub- 
stantially unnoticeable to the human eye. 

Optional features are set out in claims 2 to 21 . 

Objects, features, and advantages of embodiments 
will be apparent from the following detailed description 
in conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a block diagram showing the arrangement 
of an image scanner 201 in a first example; 
Fig. 2 is a side sectional view showing the arrange- 
ment of a copying machine in the first example; 
Fig. 3 is a block diagram showing the arrangement 
of a judgment circuit 409 in the first example; 
Fig. 4 is a circuit diagram showing the arrangement 
of a thinning circuit in the first example; 
Fig. 5 is a circuit diagram showing the arrangement 
of a frequency division circuit in the first example; 
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Fig. 6 is a block diagram showing the arrangement 
of an integrator 306 in the first example; 
Fig. 7 is a timing chart of signals in a main scan di- 
rection in the first example; 

Fig. 8 is a graph showing inputs/outputs with re- s 
spect to the integrator 306 in the first example; 
Fig. 9 is a graph showing inputs/outputs with re- 
spect to the integrator 3Q6 in the first example; 
Fig. 1 0 is a block diagram showing the arrangement 
of a comparator module 31 0 in the first example; '0 
Fig. 1 1 is a block diagram showing the arrangement 
of a pattern addition circuit 410 in the first example; 
Fig, 1 2 is a view showing a copying result in the first 
example; 

Fig. 1 3 is a flow chart for explaining a sequence for is 
setting a pattern level selection signal PS by a CPU 
414 in the first example; 

Fig. 14 is a plan view of an original table in the first 
example; 

Fig. 1 5 is a flow chart for explaining a service mode 20 
in the first example; 

Fig. 16 is a table showing the relationship between 
CNO signals and print outputs in the first example; 
Fig. 17 is a block diagram showing the schematic 
circuit arrangement of a color copying machine in a ss 
second example, which is an embodiment of the 
present invention; 

Fig. 18 is a side sectional view showing the arrange- 
ment of the main part of the color copying machine 
according to the second example; so 
Fig. 1 9 is a graph showing the relationship between 
the modulation quantity and the moisture quantity 
according to the second example; 
Fig. 20 is a view showing a machine number pattern 
according to the second example; 35 
Fig. 21 is a view showing a pattern when image deg- 
radation has occurred; 

Fig. 22 is a graph showing the relationship between 
the modulation quantity and the output according to 
a third example, which is an embodiment of the in- 40 
vent ion; 

Fig. 23 is a side sectional view showing the arrange- 
ment of the main part of a color copying machine 
according to a fourth example, which is an embod- 
iment of the present invention; 45 
Fig. 24 is a flow chart for explaining a method of 
calculating a modulation quantity according to the 
fourth example; 

Fig. 25 is a graph showing the relationship between 
the modulation quantity and the output according to so 
the fourth example; 

Fig. 26 is a block diagram showing a fifth example, 
which is an embodiment of the present invention; 
Fig. 27 is a view showing the arrangement of an im- 
age forming apparatus; 55 
Fig. 28 is a graph showing the relationship between 
the sensor output and the image density; 
Fig. 29 is a view showing a pattern unique to the 
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image forming apparatus; 

Fig. 30 is a four-quadrant chart showing gradation 

characteristic conversion; 

Fig. 31 is a graph for obtaining din from an image 

density signal; 

Fig. 32 is a four-quadrant chart showing gradation 
characteristic conversion according to a sixth ex- 
ample, which is an embodiment of the invention; 
Fig. 33 is a view for measuring the quantity of tight 
reflected by a patch pattern on a drum; 
Fig. 34 is a graph for obtaining din from an image 
density signal; 

Fig. 35 is a graph showing the relationship between 
the image density signal and din; 
Fig. 36 is a view for measuring the quantity of light 
reflected by a patch pattern on a drum; 
Fig. 37 is a four-quadrant chart showing gradation 
characteristic conversion according to a seventh 
example, which is an embodiment o1 the invention; 
Fig 38 is a view showing the schematic arrange- 
ment according to an eighth example, which is an 
embodiment of the present invention; 
Fig. 39 is a block diagram showing the arrangement 
of an image scanner according to the eighth exam- 
pie; 

Fig. 40 is a view for explaining an additional pattern; 
Fig. 41 is a view showing add-on lines; 
Fig. 42 is a view showing add-on lines; 
Fig. 43 is a view showing a method of expressing 
information using the add-on lines; 
Figs. 44A and 44B are views for explaining a meth- 
od of expressing information using add-on lines; 
Fig. 45 is a block diagram showing the arrangement 
of a pattern addition circuit; 
Fig. 46 is a block diagram showing the arrangement 
of the pattern addition circuit; 
Fig. 47 is a block diagram showing the arrangement 
of the pattern addition circuit; 
Fig. 48 is a view showing a copying result; 
Fig. 49 is a block diagram showing a ninth example, 
which is an embodiment of the present invention; 
Fig. 50 is a block diagram showing a tenth example, 
which is an embodiment of the present invention; 
Fig. 51 is a view showing the arrangement of an im- 
age forming apparatus according to the tenth exam- 
ple; 

Fig. 52 is a graph showing gradation characteristics 
changed with durability variations according to the 
tenth example; 

Fig. 53 is a four-quadrant chart showing gradation 
characteristic conversion according to the tenth ex- 
ample; 

Fig. 54 is a block diagram for explaining the tenth 
example; 

Fig. 55 is a view showing the arrangement of the 
image forming apparatus; 

Fig. 56 shows graphs for superposing a signal 
unique to the image forming apparatus; 
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Fig. 57 is a pattern unique to the image forming ap- 
paratus; 

Fig. 58 is a four-quadrant chart showing gradation 
characteristic conversion; 
Fig. 59 is a four-quadrant chart showing gradation 
characteristic conversion after use for a long period 
of time; 

Fig. 60 is a graph for explaining an eleventh exam- 
ple, which is an embodiment of the present inven- 
tion; 

Fig. 61 is a graph for explaining a twelfth example, 
which is an embodiment of the present invention; 
Fig. 62 is a graph for explaining a thirteenth exam- 
ple, which is an embodiment of the present inven- 
tion; 

Fig. 63 is a block diagram showing the schematic 
circuit arrangement of a color copying machine ac- 
cording to a fourteenth example, which is an em- 
bodiment of the invention; 
Fig. 64 is a side sectional view showing the arrange- 
ment of the main part of the color copying machine 
according to the fourteenth example; 
Fig. 65 is a graph for explaining a method of detect- 
ing a material according to the fourteenth example; 
Fig. 66 is a view showing a machine pattern accord- 
ing to the fourteenth example; 
Figs. 67A and 67B are graphs showing the relation- 
ships between the modulation quantities and the 
outputs according to the fourteenth example; 
Fig. 68 is a graph showing the relationship between 
the modulation quantity and the output according to 
a fifteenth example, which is an embodiment of the 
invention; and 

Fig. 69 is a view showing a machine pattern accord- 
ing to the fifteenth example. 

An example exemplifying a full color image forming 
apparatus of an electrophotographic scheme will be de- 
scribed below. The present invention is also applicable 
to an image forming apparatus of a stiver salt photo- 
graphic scheme, a thermal transfer scheme, or a subli- 
mation scheme. 

<First Example > 

[General Description of Apparatus] 

Fig. 2 is a side sectional view showing the arrange- 
ment of a copying machine. 

Referring to Fig. 2, an image scanner 201 reads an 
original at a resolution of 400 dpi (dots/inch) and proc- 
esses digital signals. A printer 202 prints out a full color 
image, corresponding to the original image read by the 
image scanner 201 , on a sheet at a resolution of 400 dpi. 

The image scanner 201 includes a mirror surface 
press plate 200. An original 204 on an original glass ta- 
ble (platen) 203 is irradiated with lamps 205. Light re- 
flected by the original 204 is guided to mirrors 206, 207, 
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and 208 and is focused by a lens 209 on a three-line 
sensor (CCD) 210. The read image signals are sent as 
full color information, i.e., red (R), green (G), and blue 
(B) components to a signal processing unit 211. Note 
s that a carriage 227 for fixing the lamps 205 and the mir- 
ror 206 is mechanically moved at a speed v and the mir- 
rors 207 and 208 are mechanically moved at a speed 
(1/2)v in a direction perpendicular to an electrical scan 
(main scan) direction of the line sensor, thereby scan- 
to ning (subscanning) the entire surface of the original. 

The signal processing unit 211 electrically process- 
es the read image signals and separates the image sig- 
nals into magenta (M), cyan (C), yellow (Y), and black 
(Bk) components. These components are then sent to 
is the printer 202. One of the M, C, Y, and Bk components 
is sent to the printer 202 every original scan cycle of the 
image scanner 201 . One print is obtained by four original 
scan cycles. 

The M, C, Y, and Bk image signals sent from the 

20 image scanner 201 are sent to a laser driver 212. The 
laser driver 212 modulates and drives a semiconductor 
laser 213 in accordance with the input image signals. A 
laser beam scans a photosensitive drum 217 through a 
polygon mirror 214, an f-0 lens 215, and a mirror 216. 

25 a rotary developing assembly 218 is constituted by a 
magenta developing unit 219, a cyan developing unit 
220, a yellow developing unit 221 , and a black develop- 
ing unit 222. The four developing units are sequentially 
brought into contact with the photosensitive drum 217 

30 to develop a latent image on the photosensitive drum 
with toners. A transfer drum 223 winds a paper sheet 
fed from a paper cassette 224 or 225 around the outer 
circumferential surface thereof to transfer the image de- 
veloped on the photosensitive drum to the paper sheet. 

35 In this manner, when the four colors, i.e., M, C, Y, 
and Bk are sequentially transferred to the paper sheet, 
the paper sheet passes through a fixing unit 226. The 
toners are fixed on the paper sheet, and then the sheet 
is output from the copying machine. 

40 

[Image Scanner] 

Fig. 1 is a block diagram showing the arrangement 
of the image scanner 201 . 
45 Referring to Fig. 1, CCD (solid-state image pickup 
element) line sensors 21 0-1 , 21 0-2, and 210-3 have red 
(R), green (G), and blue (B) spectral sensitivity charac- 
teristics, respectively. After the input data are A/D-con- 
verted, they are output as 8-bit signals each represent- 
50 ing a value falling within the range of 0 to 255. 

The CCD line sensors 210-1 , 210-2, and 210-3 are 
spaced apart from each other at a predetermined inter- 
val, and their spatial shifts are corrected by delay ele- 
ments 401 and 402. 
55 LOG converters 403, 404, and 405 comprise look- 
up table ROMs or RAMs and convert a luminance signal 
into a density signal. A masking/UCR (undercolor re- 
moval) circuit 406 is a known circuit, and a detailed de- 
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scrtption thereof will be omitted. Every time the magenta 
(M) t cyan (C), yellow (Y), and black (Bk) signals are read 
using the three input signals, signals are output in a pre- 
determined bit length, e.g., 8 bits in accordance with a 
surface sequential scheme. 

A known spatial filter circuit 407 performs correction 
of the spatial frequency characteristics (MTF) of the out- 
put signal. A density conversion circuit 408 corrects the 
density characteristics of the printer 202 and is consti- 
tuted by a ROM or RAM as in the LOG converters 403 
to 405. 

On the other hand, a microcomputer (to be referred 
to as a CPU hereinafter) 414 controls the overall oper- 
ation of the apparatus. A ROM 415 stores programs for 
operating the CPU 414. A RAM 416 is used as a work 
area for executing each program. An input/output port 
(to be referred to as an I/O port hereinafter) 41 3 is con- 
nected to the CPU 414. A judgment circuit 409 judges 
a specific original. 

The specific original judgment circuit 409 judges a 
possibiiiiy that an original placed on the original table is 
at least one of a plurality of specific originals. A judgment 
signal H is output as a multivalued 2-bit signal. More 
specifically, if a possibility of loading at least one of the 
plurality of specific originals is high, the judgment circuit 
409 outputs H = "3". If, however, the possibility is low, 
the judgment circuit 409 outputs H = "0". The judgment 
circuit 409 comprises a thinning circuit 301 and a fre- 
quency division circuit 31 0 (both will be described in de- 
tail with reference to Fig. 3) and performs thinning of the 
input R, G, and B signals. 

A CNO signal is a 2-bit surface sequential signal 
which serves as a control signal representing the order 
of four read operations (scan operations) for printing Y, 
M, C, and Bk color images. Fig. 16 shows the relation- 
ship between the CNO signals and the print outputs. The 
CNO is generated by the CPU 414 through the I/O port 
41 3 to switch the operating condition of the masking/ 
UCR circuit 406. In addition, the surface sequential sig- 
nal CNO is also input to the judgment circuit 409 to judge 
different specific originals in the four read operations by 
switching the judgment reference. 

A pattern addition circuit 41 0 is a circuit part for add- 
ing a pattern unnoticeable to the human eye to the copy 
image in accordance with a 2-bit pattern level selection 
signal PS designated by the CPU 414. A pattern to be 
added is produced from an image signal P read by a 
reader. 

[Timing Chart] 

Fig, 4 is a circuit diagram showing the arrangement 
of the thinning circuit, and Fig. 5 is a circuit diagram 
showing the arrangement of the frequency division 
circuit . Fig. 7 is a timing chart of signals in the main scan 
direction. 

A VSYNC signal is a sub scan interval signal which 
serves as a signal representing a sub scan image output 



interval. An HSYNC signal is a main scan sync signal 
which serves as a signal for synchronizing the start of 
main scan. A CLK signal serves as an image transfer 
clock which serves as a fundamental clock in various 

s image processes. 

A CLK" signal is a signal obtained by 1/4-dividing 
the CLK signal. The CLK' signal serves as a fundamen- 
tal clock in the judging circuit 409. A SEL signal is a tim- 
ing signal used in the thinning circuit 301 . The CLK' and 

'0 SEL signals are generated by the frequency division cir- 
cuit 310 shown in Fig. 5. 

The thinning circuit 310 and the frequency division 
circuit 310 will be described below. 

The thinning circuit 301 in Fig. 4 includes flip-flops 

is 455 to 457 and 461 to 466, and selectors 458 to 460. 
The frequency division circuit 310 in Fig. 5 includes in- 
verters 451 and 453, a 2-bit counter 452, and an AND 
gate 454. 

The flip-flops 455, 456, and 457, and the flip-flops 
20 461 , 462, and 463 : and the- selectors 45B, 459, and 460 
hold data at the CLK timings, and the flip-flops 464, 465, 
and 466 hold data in response to the CLK* signal. 

In the frequency division circuit 310, the 2-bit coun- 
ter 452 cleared (initialized) in response to the HSYNC 
25 signal serving as the main scan sync signal counts the 
CLK signal and outputs a 2-bit count value (DO and D1 ). 
The upper bit D1 is output as the CLK' signal, and an 
AND signal of the upper bit D1 and the inverted signal 
of the lower bit DO is output as the SEL signal. 
30 As shown in Fig. 7, at the rate of 1/4, the thinning 
circuit 301 thins the R (G or B) signal transferred by the 
CLK signal to obtain an R' (G* or B') signal synchronized 
with the CLK 1 signal. 

35 [Judgment Circuit] 

Fig. 3 is a block diagram showing the arrangement 
of the judgment circuit 409. 

Referring to Fig. 3, the thinning circuit 301 has the 

40 arrangement shown in Fig. 4. The thinning circuit 301 
thins data to reduce addition of the processing circuit of 
the judgment circuit 409 itself. A color tone matching 
look-up table ROM (to be referred to as a color tone 
matching LUT hereinafter) 302 performs color tone 

45 matching between input data and different types of spe- 
cific originals (e.g., securities and banknotes). The color 
tone matching LUT 302 checks the color tone distribu- 
tions of 32 different specific originals in advance and 
holds, as judgment results, bit information upon nonco- 

50 incidence with the color tones of the specific originals 
and bit information upon coincidence with the color 
tones of the specific originals. The 32 different specific 
originals represent a total of assignment of eight differ- 
ent originals in four scan operations for forming M, C, Y, 

55 and Bk color images. 

More specifically, the LUT 302 receives the CNO 
signal as the surface sequence signal to the upper two 
bits of the address of the LUT 302 and five bits of each 
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of the thinned R, G, and B image signals to the lower 15 
bits of the LUT 302. The values of 0 to 3 of the CNO 
signals are simultaneously output in correspondence 
with 8-bit data representing whether the color tone of 
the pixel of interest coincides with those of eight kinds 
of specific originals. Therefore, in four read scan cycles, 
a total of 32 kinds of specific originals are judged. 

Color tone judgment circuits 303-1 , 303-2 303-8 

have the same arrangement. Each judgment circuit 
comprises an integrator 306, registers 307-1, 307-2, 
and 307-3, and a comparator module 308 and judges a 
possibility that a specific original is present in an original. 
The judgment result is output as 2-bit data. A maximum 
value circuit 309 outputs a maximum value of the judg- 
ment result outputs from the color tone judgment circuits 
303-1 to 303-8. That is, the maximum value circuit 309 
outputs a judgment result corresponding to a specific 
original having the highest one of the possibilities of all 
the eight kinds of specific originals. 

[Inteyfaiorj 

Fig. 6 is a block diagram showing the arrangement 
of the integrator 306, and Figs. 8 and 9 show inputs/ 
outputs with respect to the integrator 306. 

Referring to Fig. 6, the integrator 306 includes flip- 
flops 501 and 505 for holding data at the rise timing of 
the CLK' signal, a multiplier 502 for receiving two 8-bit 
signals (A and B) and outputting an eight-bit signal (A x 
B/255) as a product, a multiplier 503 for receiving and 
multiplying a one-bit input signal (A) and an 8-bit input 
signal (B) to output an 8-bit output signal (A x B), and 
an adder 504 for receiving two 8-bit input signals (A and 
B) and outputting an 8-brt signal (A + B) as a sum. 

As a result, in the integrator 306, an 8-bit output sig- 
nal y f in response to a binary input signal Xj is represent- 
ed by equation (1) as follows: 

y i = (a/255}y. 1 + p.x M (1) 

where a and p are predetermined constants. The char- 
acteristics of the integrator are determined in accord- 
ance with the magnitudes of these constants. 

For example, if a = 247 and p = 8, then an output y x 
shown in Fig. 9 is obtained in response to an input x i . 1 
shown in Fig. 8. 

Inputs of "1 ■ represented by points 701 and 702 sur- 
rounded by points of B 0° and an input of *0* represented 
by a point 703 surrounded by points of 9 V are regarded 
as noise. In this case, appropriate threshold values 
704-1 (value R1), 704-2 (value R2), and 704-3 (value 
R3) are respectively set in the registers 307-1 to 307-3 
shown in Fig. 3, and the output y t from the integrator is 
binarized using these threshold values to reduce the 
noise. 
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[Comparator Module] 

Fig. 1 0 is a block diagram showing the arrangement 
of the comparator module 310. 

s Referring to Fig. 10, the comparator module 310 
comprises comparators 801 , 802 J and 803, an inverter 
804, an AND gate 805, and OR gates 806 and 807. As 
described with reference to Fig. 3, the values R1, R2, 
and R3 are respectively set in the registers 307-1, 

10 307-2, and 307-3 and satisfy condition R1 > R2 > R3. 
As a result, a judgment result is quantized and output in 
the form of 2 bits. That is, 

If R1 < (input), 11 (binary notation) is output. 
is If R2 < (input) s R1 , 10 (binary notation) is output. 
If R3 < (input) ^ R2, 01 (binary notation) is output. 
If R3 < (input) ^ R3, 00 (binary notation) is output. 

[Pattern Addition Circuit] 

20 

Fig. 1 1 is a block diagram showing the arrangement 
of the pattern addition circuit 410, and Fig. 14 is a plan 
view of an original table. 

Referring to Fig. 11, the pattern addition circuit 410 in- 
25 eludes a sub scan counter 901 , a main scan counter 
902, a look-up table RAM (to be referred to as an LUT 
hereinafter) 903, a flip-flop 905, an AND gate 91 3, reg- 
isters 906, 907, 908, and 909, a 4-to-1 selector 910, 
AND gates 911 and 91 3, and an adder 91 2. The pattern 
30 addition circuit 410 also includes a binarization circuit 

914 for binarizing an image signal P having passed 
through a spatial filter. If the value of the image signal 
is larger than a predetermined threshold value, the bi- 
narization circuit 914 outputs a signal of "1 "; otherwise, 

35 the binarization circuit 91 4 outputs a signal of "0". Binary 
data output from the binarization circuit 914 is written in 
a dual-port RAM 915. An image written in dual-port RAM 

915 is an image 1201 written in the image scanner 201 
at a specific position in Fig. 14. In addition, this image 

40 is formed on one of the reader constituent parts, which 
cannot be easily replaced, e.g., on the lower surface of 
an upper plate on the outer side (i.e., a portion for sup- 
porting glass) of an original glass table (platen glass) 
203 within the read range of the image sensor of the 

45 carriage 226. 

When an image is to be written in the dual-port RAM 
915, the CNO signal is set at "0* (recording scan for ma- 
genta). That is, the image signal P is controlled so as to 
be a signal generated most depending on the green (G) 

so signal of the CCD 21 0. This is because the green signal 
is closest to the luminance signal of the image among 
signals which can be easily generated. 

The storage contents of the dual-port RAM 915 are 
read out by the CPU 414 through a data bus Data and 

55 an address bus Adr. Similarly, the LUT 903 comprises 
a dual-port RAM (to be referred to as a RAM hereinaf- 
ter). The CPU 411 writes the same data read out from 
the RAM 915 in the RAM 903 through the data bus Data 
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and the address bus Adr. The above operations will be 
described below. 

Fig. 15 is a flow chart showing a service mode. 

In the service mode, the CPU 414 sets the CNO 
signal to "0" (step S 1501) to start a pattern read opera- 
tion (step S1 502). The CPU 41 4 sets a CPU address to 
the address of the dual-port RAM 915 (step S1503) to 
read the data of the dural-port RAM 91 5 (step S1 504). 

The CPU 41 4 sets the CPU address to the address 
of the RAM 903 (step S 1 505) to write data read out from 
the dual-port RAM 915 in the RAM 903 (step S1506). 

As an example, the pattern read operation for add- 
ing a machine number unique to each apparatus to a 
specific original is performed only once during installa- 
tion of the apparatus in a mode performed by only a 
serviceman. 

The sub scan counter 901 and the main scan coun- 
ter 902 repeatedly count the main scan sync signal 
HSYNC and the pixel sync signal CLK, respectively, at 
a 9-bit width, i.e, at the period of 512 pixels. As de- 
scribed above, the RAM 903 stores a pattern to be add- 
ed. The lower six bits of the count value of each of the 
sub and main scan counters 901 and 902 are input to 
the RAM 903. 

Only one bit of the output from the RAM 903 is 
looked up and is logically ANDed with upper three bits 
of each of the sub and main scan counters 901 and 902 
by the AND gate 904. An output from the AND gate 904 
is synchronized with the CLK signal by the flip-flop 905. 
After the 2-bit CNO signal of "O" and the 2-bit CNO signal 
of "1 p are logically ANDed by the AND gate 91 3, the AND 
signal is input to the AND gate 911. This signal is CNO 
= 3, i.e., a signal enabled only when printing is currently 
performed in yellow. 

On the other hand, the registers 906, 907, 908, and 
909 prestore values P1 , P2, P3, and P4. One of the val- 
ues P1 to P4 is selected in accordance with the pattern 
level selection signal PS designated by the CPU 414. 
The selected signal passes through the AND gate 911, 
and a pattern is added to an input signal V by the adder 
912, thereby outputting V. Therefore, if CNO = 2, i.e., if 
printing is currently performed in yellow, the pattern held 
in the RAM 903 is repeatedly read and is added to a 
signal to be output. 

The values P1, P2, P3, and P4 satisfy condition P1 
< P2 < P3 < P4. The selector 910 performs the opera- 
tions in accordance with the following propositions: 

if s = 00 (binary notation), Y = A, 
if s = 01 (binary notation), Y = B, 
if s = 10 (binary notation), Y = C, and 
if s = 11 (binary notation), Y = D. 

For this reason, the patterns are added as follows: 

if PS = 00 (binary notation), V = V + P1 , 
if PS = 01 (binary notation), V = V + P2, 
if PS = 10 (binary notation), V = V + P3, and 



if PS = 11 (binary notation), V = V + P4. 

In this case, a pattern to be added is printed with a 
yellow toner so as to make it difficult to cause a human 
s eye to identify the pattern. This is because a low identi- 
fication capability of the human eye for a pattern drawn 
with a yellow toner is utilized. In addition, when the level 
of a pattern to be added is set variable in accordance 
with a possibility of the presence of a specific original in 
an input image, a pattern on a normal copy is almost 
unnoticeable. If the possibility of the presence of the 
specific original is increased, a clear pattern is added. 

[Copying Result] 

Fig. 12 is a view showing a copying result. 
Referring to Fig. 12, a pattern 1001 to be added is 
a pattern stored in the RAM 903. fn Fig. 12, a two-line 
pattern consisting of "ABCD" and '1234° is added in a 
pattern of 64 pixels x 64 pixels so as to make it difficult 
to cause the human eye to identify the pattern. This pat- 
tern is repeated every 512 pixels in the main scan direc- 
tion and 512 lines in the sub scan direction. When such 
a pattern represents a manufacturing number unique to 
each machine or a code of the manufacturing number, 
the copy can be checked to specify the machine or ap- 
paratus used. 

In addition, if a possibility of the presence of a spe- 
cific original supposed not to be copied is high, a clear 
pattern with, e.g., a black toner may be added. The pitch 
of the patterns to be added is given as 512 pixels (or 
lines) in the main (or sub) scan direction. However, a 
resolution of 400 dpi (dots/inch) is set , and a pattern is 
formed every about 32.5 mm. On the other hand, the 
width of a banknote (Bank of Japan note) is about 76 
mm. The widths of banknotes of major international 
countries fall within the range of about 60 mm to 120 
mm. If a banknote is copied, the above pattern is always 
added within the copied banknote. Therefore, even if on- 
ly a copied banknote portion is cut from a copy and ille- 
gally used, the copy can be collated to read the added 
pattern, thereby specifying information such as the ma- 
chine number of a copying machine illegally used. 

[Flow Chart] 

Fig. 1 3 is a flow chart for explaining a sequence for 
causing the CPU 414 to set the pattern level selection 
signal PS. 

When copying is started, the pattern level selection 
signal PS is set to "0" in step S1102. A current judgment 
level H and the PS value are compared in step S1103. 
If H is larger than PS, the H value is set in PS in step 
S1104. Otherwise, the flow returns to step S1103. That 
is, a maximum value from the start of copy to the current 
value is set in PS in accordance with the history of the 
judgment signal H. 

As described above, as a method of specifying an 
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apparatus, a specific pattern which makes it difficult to 
cause the human eye to identify the pattern is added to 
a copy. If a specific original (e.g., a banknote) supposed 
not to be copied is copied, an evidence tor specifying 
the apparatus illegally used can be obtained. In addition, 
patterns are added at a pitch smaller than the width of 
the banknote. Even it a copied banknote portion is cut 
from the copy and illegally used, the copied banknote 
can be collated to specify the apparatus illegally used 
or its operator or narrow the possibilities thereof. 

<Second Example: An Embodiment of the invention> 

The second example, which is an embodiment of 
the invention, is an improvement of the first example. 

First of all, a method of forming a color image will 
be described. 

Fig. 1 8 is a side sectional view showing the arrange- 
ment of the main part of a color copying machine ac- 
cording to the second example. Referring to Fig. 18. an 
original 2101 placed on an original glass table 2102 is 
focused on a CCD 2105 by a light source 2103 and an 
optical lens 2104 and is converted into an image signal 
corresponding to an amount of received light. 

The image signal is converted into a digital value by 
an image signal A/D conversion circuit 2106 and is im- 
age-processed by a control circuit 2107. The processed 
image is used to drive a laser light source 21 08. An emit- 
ted laser beam is reflected by a polygon mirror 2001 and 
a mirror 2002, and the reflected light beam is radiated 
on a photosensitive drum 2004. 

The surface of the photosensitive drum 2004 is 
cleaned by a cleaning blade 211 0 to be free from resid- 
ual toners. The surface of the photosensitive drum 2004 
is uniformly charged with a charger 2109. 

First, the photosensitive drum 2004 formed with a 
latent image upon laser beam scan using a Y (yellow) 
image signal is rotated in a direction indicated by an ar- 
row in Fig. 18. The latent image is then developed by a 
developing unit 2003Y 

The photosensitive drum 2004 is further rotated to 
cause a recording medium 2006 to attract to a transfer 
drum 2004. At the same time, a toner image formed on 
the photosensitive drum 2004 is transferred to the re- 
cording medium by a transfer charger 2112. 

Latent image formation and development using an 
M (magenta) image signal are performed. At the regis- 
tered position of the image, the magenta image is su- 
perposed on the Y image on the recording medium. 

Similarly, C and Bk images are formed and trans- 
ferred on the preceding color images. The recording me- 
dium is then separated from the transfer drum 2111 and 
is fixed by a fixing roller pair 2007, thereby obtaining a 
color image print. 

In this example, in addition to the above arrange- 
ment, an environmental sensor 2010 comprising a tem- 
perature sensor and a humidity sensor is arranged at a 
position where the machine body or internal environ- 



ment is reflected well. An environmental data signal de- 
tected by this environmental sensor 2010 is sent to the 
control circuit 2107. This copying machine has a power 
source 2119. 

s A system for processing an image signal and su- 
perposing a pattern on an image according to this ex- 
ample will be described in detail below. 

Fig. 17 is a block diagram showing the schematic 
circuit arrangement of the color copying machine ae- 
ro cording to the second example. A shading circuit 2012 
corrects shading or the digital signal from the A/D con- 
version circuit 2106. The control circuit 2107 comprises 
a LOG conversion circuit 2013, an LUT (look-up table) 
2014, a machine number pattern generation circuit 
J5 2015, a modulation quantity control circuit 2016, a com- 
parator circuit 2017, a pulse width modulation circuit 
2018, and an LD driver 2019. 

The operation of the above arrangement will be de- 
scribed below. 

20 Fig. 1 9 is a graph chewing the relationship between 
the modulation quantity and the moisture quantity ac- 
cording to the second example, and Fig. 20 shows a ma- 
chine pattern according to the second example. 

An image luminance signal is obtained by the CCD 

2S 2105 and converted into a digital luminance signal by 
the A/D conversion circuit 2106. Sensitivity variations of 
the respective CCD elements which are represented by 
the digital luminance signal are corrected by the shading 
circuit 2012. The corrected luminance signal is convert- 

30 ed into a density signal by the LOG conversion circuit 
2013. 

The density signal is then converted by the LUT 
2014 such that the y characteristics of the printer in ini- 
tialization of the original image density coincide with 

3S those of the output image. 

On the other hand, the machine number pattern 
generation circuit 2015 generates a pattern unique to 
the machine. In this case, the machine number pattern 
generation circuit 2015 has a modulation quantity table 

40 of an image signal representing only Y (yellow) having 
the lowest resolution when viewed with a human eye. 
This modulation quantity table represents the modula- 
tion quantity as a function of a moisture quantity mixing 
ratio in air calculated on the basis of the temperature 

45 and humidity detected by the environmental sensor 
2010, as shown in Fig. 19. The modulation quantity is 
controlled in accordance with this table. This control is 
performed by the modulation quantity control circuit 
2016 in Fig. 17. 

so The modulated machine number pattern is synthe- 
sized by the comparator circuit 201 7 for superposing the 
pattern on the image signal. 

The machine number pattern is caused to corre- 
spond to a numeric pattern, but is preferably constituted 

ss by an encrypted graphic pattern corresponding to the 
numbers and characters. 

The image signal superposed on the machine 
number pattern is modulated by the pulse width modu- 
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lation circuit 2018 into a signal representing a laser 
emission time proportional to the density signal. The 
modulated signal is sent to the LD driver 201 9. The den- 
sity gradation is expressed as area gradation, thereby 
forming a gradation image. 

The machine number pattern is observed through 
a 350-nm sharp band filter after a full color image is 
formed. In this case, the machine number pattern can 
be identified by separating only a yellow signal. Even if 
a copy is a counterfeit, a copying machine used to obtain 
this copy can be specified. 

The absolute humidity (i.e., the moisture quantity 
mixing ratio [g/1 kg. air] in air) corresponding to the tem- 
perature and humidity which are detected by the envi- 
ronmental sensor is plotted along the abscissa in Fig. 
19, and the modulation quantity which allows reading of 
a signal at this time and does not cause an image defect 
is plotted along the ordinate in Fig. 19. The modulation 
quantity control circuit 21 06 controls a modulation quan- 
tity in accordance with this relationship using data from 
the environmental sensor 2010. 

An image reproduction capability will be described 
below. 

Fig. 21 is a view showing a pattern in image degra- 
dation. 

In an electrophotographic scheme, the charge 
amount (tribo-) of a developing agent used in recording 
is extremely decreased at, e.g., a high temperature and 
a high humidity, and the developing capability on the 
photosensitive body is greatly increased. For this rea- 
son, a means for adjusting the density is generally used 
to decrease the contrast potential for development. 
When this means, however, is used, a difference be- 
tween the latent potential and the dark potential on the 
surface of the photosensitive body is decreased to dis- 
turb the developing agent particles attracted to the pho- 
tosensitive body, as shown in Fig. 21 . A signal added to 
an image is concealed by the image and cannot be read. 
When the moisture quantity is large, as shown in Fig. 
19, the modulation quantity of the image signal to be 
added is increased. In Fig. 19, when the moisture quan- 
tity is 1 5.0 g or less, the modulation quantity is set almost 
constant because the developing agents used in this ex- 
ample have contract potentials having high reproduction 
capability in this atmosphere. This condition may not ap- 
ply to other materials. 

As described above, according to the second ex- 
ample, in an image forming apparatus wherein images 
formed by a plurality of color agents are stacked on each 
other to form a full color image, and at the same time 
information unique to this apparatus is superposed on 
an image having a specific color, the modulation quan- 
tity of the superposition pattern is changed in accord- 
ance with the values from the environmental sensor, 
thereby stably forming the information unique to the ap- 
paratus on the image. 



<Third Example: An Embodiment of the lnvention> 

In the second example, the modulation quantity 
control circuit 2016 has the look-up table constituted by 

s the RAM and corresponding to the graph shown in Fig. 
19, and the modulation quantity is stored as a function 
of the moisture quantity. However, in the third example, 
a low-cost, simple method of reducing the capacity of 
the RAM constituting the look-up table will be described. 

10 Fig, 22 is a graph showing the relationship between 
the modulation quantity and the output according to the 
third example. 

The relationship between the value of the modula- 
tion quantity and the moisture quantity strictly has a on e- 

is to-one correspondence. Since sufficient margins in sig- 
nal reading and image degradation are allowed, the 
moisture quantities calculated by the temperatures and 
humidities which are detected by an environmental sen- 
sor 2010 are classified into six stages, i.e., 5.0 to 9.0 g, 

20 9.0 to 12.0 g, 12.0 to 16.5 a, 16.5 to 2Q.0 g, and 20.0 or 
more and are given as Q out1 , Q out2 , Q out3 ,..., Q out6 . The 
modulation quantities are then discretely controlled, as 
shown in Fig. 22. 

25 <Fourth Example: An Embodiment of the lnvention> 

Fig. 23 is a side sectional view showing the arrange- 
ment of the main part of a color copying machine ac- 
cording to the fourth example. The same reference nu- 

30 merals as in the first example in Fig. 1 8 denote the same 
parts in the fourth example in Fig. 23, and a detailed 
description thereof will be omitted. 

Fig. 25 is a graph showing the relationship between 
the modulation quantity and the output according to the 

35 fourth example. 

In the fourth example, in addition to the arrange- 
ment in Fig. 1 8, a memory 2022 serving as a data mem- 
ory means and a rewrite circuit 2021 are arranged to- 
gether with the environmental sensor, as shown in Fig. 

40 23 due to the following reason. If great variations occur 
in the detected temperature and humidity in real-time 
control, the modulation quantity of an image signal to be 
superposed is also greatly changed. In practice, the hu- 
midity of a material such as a developing agent used in 

45 the machine body is adjusted for a long period of time. 
A modulation quantity is thus obtained on the basis of a 
series of environmental data obtained every predeter- 
mined interval. This modulation quantity has character- 
istics shown in Fig. 25. 

50 The operation of the fourth example will be de- 
scribed below. 

Fig. 24 is a flow chart for explaining a method of 
calculating a modulation quantity according to the fourth 
example. 

55 Referring to Fig. 24, the environmental sensor 201 9 
measures values once per 30 minutes or several times 
per 30 minutes to obtain an average value. For example, 
an eight -hour average value is stored in a buffer area of 



9 



17 



EP 0 590 884 B1 



18 



the memory 2022. In step SI, an absolute humidity or 
a value corresponding thereto, e.g., a mixing ratio, is 
obtained by a predetermined calculation using the eight- 
hour environmental data and stored in the memory 2022 
because the physical property (particularly, a resist- s 
ance) of the developing agent greatly depends on the 
absolute humidity, i.e., the moisture quantity in air It is 
determined in step S2 whether the calculation of the ab- 
solute humidity (mixing ratio) is performed for eight 
hours. If eight-hour data is obtained (YES), the flow ad- 10 
vances to step S3 to obtain average values x, y, and z 
of two-, four-, and eight-hour absolute humidities (mix- 
ing ratios). The average values x, y, and z are used in 
the following conditional judgment. 

It is determined in step S4 whether the two-hour av- is 
erage value x is a mixing ratio of 16.5 g or more. If YES 
in step S4, the flag is set to Q out1 (step S41). This flag 
indicates that a high-humidity state has continued for 
two hours. It is determined in step S5 whether the cur- 
rent value is 16.5 g or more. If YES in step S5, the flag 20 
is set to Q c , Jt 2 (step S51 ). This flag indicates that ihe 
humidity is being increased after a low-humidity state 
for two hours. It is determined in step S6 whether the 
eight-hour average value z is 9 g or more. If YES in step 
S6, the flag is set to Q out3 (step S61 ). This flag indicates 25 
that an intermediate humidity is maintained for eight or 
more hours. It is determined in step S7 whether the four- 
hour average value y is 9 g or more. If YES in step S7, 
the flag is set to (step S71 ). This flag indicates that 
the humidity is changed from a low humidity to an inter- 30 
mediate humidity. In a case except for the above cases, 
i.e., when the four-hour average value y is 9 g or less, 
a low humidity is judged, and the flag is set toQ out5 (step 
S71). 

The above process is performed due to a difference ss 
between the rate of change from the low humidity to the 
high humidity and the rate of change from the high hu- 
midity to the low humidity. That is, the absorbing state 
of the developing agent depends on the absolute hu- 
midity. This is determined not by the ambient humidity 40 
but by the humidity of the developing agent, thereby per- 
forming the above judgment. 

In step S8, the modulation amount is determined by 
the judged flags to (output flags). 

As described above, according to the second to 45 
fourth examples, in an image forming apparatus where- 
in images formed by a plurality of color agents are 
stacked on each other to form a full color image and in- 
formation unique to the apparatus is superposed on the 
image of a specific color, the modulation quantity of the so 
superposition pattern is changed in accordance with the 
values of the environmental sensor, thereby stably form- 
ing information unique to the image forming apparatus. 

The environmental state is not limited to the tem- 
perature and humidity, but can he replaced with an air ss 
pressure or the like. 



<Fifth Example: An Embodiment of the lnvention> 

Fig. 27 is a view showing the arrangement of the 
fifth example. 

A method of forming a color image according to the 
fifth example will be described below. 

Referring to Fig. 27, an original 101 placed on an 
original glass table 1 02 is focused on a CCD sensor 1 05 
by a light source 103 and an optical lens 104 and is con- 
verted into an image signal corresponding to an amount 
of light received by the CCD sensor 105. 

An image signal is converted into a digital value by 
an A/D conversion circuit 106 and is processed by an 
image processing unit 107. The processed image data 
is used as a signal for driving a laser source 108. 

An emitted laser beam is reflected by a polygon mir- 
ror 1 and a mirror 2 and is radiated on a photosensitive 
drum 4. 

The surface of the photosensitive drum 4 is cleaned 
by a cleaning blade 110 in advance so as not tc leave 
residual toners on the surface of the photosensitive 
drum 4. The surface of the photosensitive drum 4 is then 
uniformly charged with a charger 109. 

The photosensitive drum 4 on which a latent image 
is formed upon laser beam scan using a Y (yellow) im- 
age signal first is rotated in a direction indicated by an 
arrow in Fig. 27. 

The latent image is then developed with a develop- 
ing unit 3Y. 

The photosensitive drum 4 is further rotated to at- 
tract a recording medium 6 to a transfer drum 6, and a 
toner image formed on the photosensitive drum 4 is 
transferred to the recording medium 6 by a transfer 
charger 112. 

Latent image formation and development are per- 
formed in accordance with an M (magenta) image sig- 
nal, and the M image is transferred on the Y image on 
the recording medium at the image registration position. 

Similarly, C and Bk images are formed and trans- 
ferred on the Y and M images. The recording medium 
is separated from the transfer drum 5, and the images 
on the recording medium are fixed by a fixing roller pair 
7, thereby obtaining a color image print. 

In addition, a sensor unit for causing an LED 111 to 
emit light to the toner image developed on the photo- 
sensitive drum 4 and for causing a photodiode 112 to 
receive light reflected by the toner image is arranged 
between the developing units and the transfer unit. An 
A/D converter 113 converts an analog signal from the 
photodiode 112 into a digital signal. 

In this example, the LED 111 emits an infrared ray 
having a wavelength of 950 nm. 

The yellow toner as a target object has character- 
istics for reflecting light in this wavelength range, while 
the photosensitive drum has characteristics for perform- 
ing balanced reflection. 

Fig. 28 is a graph showing the correspondence be- 
tween the sensor output and the image density level. 



10 



19 



EP 0 590 884 B1 



20 



Fig. 26 is a block diagram showing the arrangement 
of the image processing unit 107. 

An image luminance signal is obtained by the CCD 
sensor 1 05 and converted into a digital luminance signal 
by the A/D conversion circuit 1 06. s 

The sensitivity variations ol the CCD elements 
which are contained in the resultant luminance signal 
are corrected by a shading circuit 12. The corrected lu- 
minance signal is converted into a density signal by a 
LOG conversion circuit 13. 10 

An LUT (look-up table) 14 performs conversion 
such that the y characteristics of the printer in initializa- 
tion for the original image density coincide with those for 
the output image. 

On the other hand, a machine number pattern gen- is 
eration circuit 15 generates a pattern unique to the ma- 
chine. As in the first example, a pattern shown in Fig. 
29 is superposed on only a Y (yellow) image signal hav- 
ing a lowest resolution to the human eye. 

An optimal modulation quantity of a pattern to be 20 
superposed is calculated by a CPU IS on trie basis or 
the value obtained by the CCD sensor 112 for measur- 
ing the quantity of light reflected by a patch pattern on 
the drum. A calculation result is sent to a modulation 
quantity control circuit 1 6. The modulation quantity con- ss 
trol circuit 1 6 performs modulation on the basis of a pat- 
tern signal from the machine number pattern generation 
circuit 15. 

The modulated machine number pattern is synthe- 
sized with the image signal from the LUT 1 4 by a com- 30 
parator circuit 19. 

A reference pattern generation circuit 22 generates 
halftone data for forming a reference patch pattern for 
determining an image forming condition on the drum. 

The apparatus of this example having the above ar- 35 
rangement will be operated as follows. 

(1) A multigradation reference pattern is generated 
by the reference pattern generation circuit 22 and 

is PWM-modulated by a pu Ise width modulation cir- 40 
cu'iX 20. A toner image having a multigradation ref- 
erence pattern is formed on the photosensitive 
drum 4 by a laser driver 21 . 

(2) The reference pattern formed on the photosen- 
sitive drum 4 is irradiated with the LED 111, and light 4$ 
reflected by the reference pattern is converted into 

an electrical signal by the photodiode 112. The elec- 
trical signal is then A/D converted by the A/D con- 
version circuit 113. The digital signal is then input 
to the CPU 1 8 in the image processing unit 1 07. so 

(3) The CPU 18 sends a control signal for controlling 
the modulation quantity of the image in the compa- 
rator circuit 1 9 to the modulation quantity control cir- 
cuit 16 on the basis of the digital signal obtained by 
reading the reference pattern. At the same time, the ss 
CPU 18 controls the y-^onversion performed by the 
LUT 14 in a manner to be described later Control 

of the y-conversion characteristics is performed by 



rewriting the contents of the LUT 1 4 by the CPU 1 8. 
(4) The synthesis characteristics of predetermined 
information and the image forming characteristics 
of the image forming means are optimized as de- 
scribed above. Image data input from the CCD 105 
is processed under the optimal condition. 

In addition to the control of the -^conversion char- 
acteristics described above, the charge quantity of a 
charger 109, the developing bias voltages of the devel- 
oping units (3Y, 3M, 3C, and 3Bk), and the light quantity 
and emission time of the exposure unit (laser source 
108) may be controlled to optimize the image forming 
condition. 

The machine number pattern is caused to corre- 
spond to a numeric pattern, as in the above example, 
but is preferably constituted by an encrypted shape pat- 
tern corresponding to the numbers and characters. 

The image signal superposed with the machine 
number pattern is modulated by the pulse width modu- 
lation circuit 20 to obtain a laser emission time propor- 
tional to the density signal. The signal from the pulse 
width modulation circuit 20 is sent to the laser driver 21 . 
The density gradation is expressed as area modulation, 
thereby forming a gradation image. 

The machine number pattern is observed through 
a 350-nm sharp band filter after a full color image is 
formed. In this case, the machine number pattern can 
be identified by separating only a yellow signal. Even if 
a copy is a counterfeit, a copying machine used to obtain 
this copy can be specified. 

Fig. 30 is a four-quadrant chart showing gradation 
reproduction. 

A quadrant I represents the reader characteristics 
for converting the original density into the density signal, 
a quadrant II represents the characteristics of the LUT 
for converting the density image into the laser output sig- 
nal, a quadrant Mi represents printer characteristics for 
converting the laser output signal into the output density 
and a quadrant IV represents total gradation character- 
istics of the image forming apparatus which represent 
the relationship between the original density and the 
output density. 

The number of gradation levels is 256 because in- 
put data is processed using an 8-bit digital signal. 

The printer characteristics of the quadrant III are 
known to have various shapes depending on the char- 
acteristics of the photosensitive body, the laser spot di- 
ameter, and the developing characteristics. 

An S-shaped characteristic curve is exemplified 
here. 

It is important to faithfully reproduce a full color im- 
age such that the total gradation characteristics repre- 
senting the relationship between the original density and 
the output density in the quadrant IV become linear. For 
this purpose, the LUT characteristic curve in the quad- 
rant til must be an S-shaped curve, as shown in Fig. 30. 

The printer characteristics may be fluctuated like 
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curves A and B in the quadrant III in accordance with 
changes in characteristics caused by environmental 
changes such as changes in temperature and humidity 
and changes in photosensitive characteristics caused 
by the fatigue and wear of the photosensitive body. The 
total characteristics in the quadrant IV correspond to 
curves C and D, so that linearity of the gradation can be 
maintained. 

The modulated signal of the machine number pat- 
tern upon LUT conversion in the quadrant III is obtained 
by adding din to the image density signal (a description 
will be made with reference to the level "30"). 

An output reflected by the toner of a 30-level toner 
on the drum is measured by a sensor and an image den- 
sity signal obtained based on this measured value is 
used to determine the din, as shown in Fig. 31 . 

In this example, this control is performed by auto- 
matically starting the system after the main power switch 
is turned on and a warm-up operation is completed. 
However, this control may be performed during pre- or 
post- rotation when the variation quantity of data from 
the temperature/humidity sensor exceeds a predeter- 
mined value. 

In this example, the 30-level image density is exem- 
plified. However, this level may be optimally selected in 
accordance with variations in printer characteristics. 

By this control, values dinA and dinB are obtained 
in the characteristic curves A and B, respectively. 

By this control, an output density step dout is kept 
constant. Therefore, although the printer characteristics 
vary, a drawback that the machine number pattern can- 
not be read due to an extremely low density or is noticed 
due to an extremely high density can be prevented. 

<Sixth Example: An Embodiment of the lnvention> 

The density step level din is judged by one point as 
level "30° of the density signal. However, as indicated 
in the quadrant III in Fig. 32, when the printer character- 
istics are typically represented by an S-shaped curve, 
y-correction values of the printer have different gradi- 
ents in the range from the low-density region to the in- 
termediate^density region. Optimal density step levels 
din vary depending on density regions. 

In this example, as shown in Fig. 33, patches having 
two different density levels, i.e., levels "30" and "80" are 
formed on the drum. Light quantities of light components 
reflected by these patches are measured by a reflected 
light quantity sensor to obtain corresponding image den- 
sity signals. In this case, din30 is obtained for level "SO 0 
by a converting means shown in Fig. 32, and din80 is 
obtained for level "80" by a converting means shown in 
Fig. 34. 

The values din30 and din80 obtained as shown in 
Fig. 35 are obtained by interpolating the values din of 
the remaining density levels to obtain an optimal ma- 
chine number pattern in the entire density range. 

In this example, the low-density region and the in- 



termediate-density region are taken as an example, so 
that levels '30 n and "80° are sampled to perform linear 
interpolation. However, a large number of points may be 
sampled, and higher-degree interpolation or spline in- 
s terpolation may be performed. 

<Seventh Example: An Embodiment of the lnvention> 

In the technique above, a multigradation patch pat- 
10 tern is formed on a photosensitive drum, a reflected light 
quantity corresponding to the gradation patch is meas- 
ured with the reflected light quantity sensor for this patch 
pattern, the reflected light quantity is converted into an 
image density, and then corresponding printer charac- 
15 teristics are obtained. From this characteristic data, the 
LUT on the gradient If is obtained, as shown in Fig. 37, 
and the total gradation characteristics on the quadrant 
I are kept constant. 

According to this example, image density signals 
20 obtained duringthe control are stored in a memory. Con- 
trol is performed on the basis of the stored signals, 
thereby satisfying both stable gradation control and ma- 
chine number pattern formation control. 

25 <Eighth Example: An Embodiment of the lnvention> 

Fig. 38 is a schematic view showing an apparatus 
according to the eighth example. 

The same reference numerals as in Fig. 2 denote 
30 the same parts in Fig. 38. 

Referring to Fig. 38, the apparatus includes an LED 
111 and a photodiode 112. A reference pattern genera- 
tion circuit 22 (Fig. 39) for generating halftone data for 
forming a reference patch pattern on a drum is arranged 
35 in a signal processing unit 211 . 

In this example, the reference pattern generation 
circuit 22 generates halftone data, and the multigrada- 
tion reference pattern formed on a photosensitive drum 
2217 is read by the photodiode 112 on the basis of the 
40 generated halftone data to detect the characteristics of 
an image forming means including the photosensitive 
drum. A CPU 1 41 1 controls a value set in a register 3831 
(Fig. 45) on the basis of the detected characteristics. 



Fig. 39 is a block diagram showing the arrangement 
of an image scanner 2201. 

The image scanner 201 comprises CCD sensors 
50 (solid-state image pickup elements) 1210-1 to 1210-3 
having R, G, and B spectral sensitivity characteristics. 
The CCD sensors 1210-1 to 1210-3 are incorporated in 
the 3-line sensor 2210 shown in Fig. 38 and output 8-bit 
digital signals. Each of the R, G, and B color compo- 
55 nents represents a value falling within the range of 0 to 
255 in accordance with a measured light intensity. 

The CCD sensors 1210-1 to 1210-3 in this example 
are spaced apart from each other at a predetermined 



45 [image Scanner] 



35 



12 



23 



EP 0 590 884 B1 



24 



interval, so that their spatial shifts are corrected using 
delay elements 1401 and 1402. 

LOG converters 1403 to 1405 are constituted as 
ROM or RAM look-up tables and convert the image data 
sent from the 3-line sensor 221 0 from the luminance sig- s 
nal into the density signal. A masking/UCR (undercolor 
removal) circuit 1406 is a known circuit, and a detailed 
description thereof will be omitted. The masking/UCR 
circuit 1406 receives three input signals and surface- 
sequentially outputs M, C, Y and Bk signals in a prede- 10 
termined bit length, e.g., in the form of 8 bits every time 
the read operation is performed. 

A spatial filter circuit 1407 is a known circuit for per- 
forming correction of the spatial frequency of an output 
signal. A density conversion circuit 1 408 corrects the is 
density characteristics of a printer 2202 and is constitut- 
ed by a ROM or RAM as in the LOG converters 1403 to 
1405. 

A pattern addition circuit 1410 adds a pattern to an 
output image. 20 

A CPU 1 41 1 controls The apparatus of this example, 
and an I/O port 1412 is connected to the CPU 1411 . 

An input signal CNO input to the masking/UCR cir- 
cuit 1406 and the pattern addition circuit 1410 is a 2-bit 
output color selection signal shown in Fig. 16. The signal 
CNO is generated from the CPU 1411 through the I/O 
port 1412 and controls the order of four transfer opera- 
tions. The signal CNO switches the operating conditions 
of the masking/UCR circuit 1406 and the pattern addi- 
tion circuit 1410. 30 

The CPU 1411 rewrites the value of the register 
3831 for setting a pattern modulation quantity in accord- 
ance with data from the photodlode 112. 

[Pattern Addition Method] & 

A pattern addition method according to this exam- 
ple will be described below 

Fig. 40 is a view for explaining an additional pattern 
in this example. 40 

Referring to Fig. 40, the gradation level of 4 x 4 pix- 
els contained in an area 3301 is modulated to +a. The 
gradation level of 2 x 4 pixels contained in each of areas 
3302 and 3303 is modulated to -a. The pixels in an area 
except for the areas 3301 to 3303 are not modulated. 8 45 
x 4 pixels contained in the areas 3301 to 3303 are de- 
fined as a unit dot for the additional pattern. The 8x4 
pixels are defined as a unit of the additional pattern be- 
cause the printer 2202 of this example performs printing 
at 200 dpi (dots per inch), and the additional pattern is so 
often difficult to read when the unit of the additional pat- 
tern is one pixel. 

Figs. 41 and 42 are views showing add-on lines of 
this example. 

Referring to Fig. 41 , an add-on line 3401 has, e.g., ss 
a 4-pixel width. Dots 3401 a to 3401 e are unit dots shown 
in Fig. 40. Each unit dot consists of, e.g., 8 x 4 pixels. 
The unit dots 3401a to 3401 e are arranged in the main 



scan direction at an almost constant period d! (e.g., 128 
pixels). 

Referring to Fig. 42, add-on lines 3501 to 3510 
have, e.g., a 4-pixel width. The add-on lines are ar- 
ranged in the sub scan direction at an almost constant 
period d2 (e.g., 1 6 pixels). For example, one add-on line 
represents 4-bit information, as will be described later 
in detail. The eight add-on lines 3502 to 3509 constitute 
a set which can represent 32-bit additional information. 
Note that the add-on lines-are repeatedly formed in the 
sub scan direction. These add-on lines represent the 
same information as that of the add-on lines 3501 to 
3509 shown in Fig. 42. 

Fig. 43 and Figs. 44A and 44B show a method of 
expressing information by add-on lines. 

Referring to Fig. 43, add-on lines 3601 and 3602 
are adjacent to each other in the sub scan direction. 
Dots 3601 a, 3601 b, and 3602a are unit dots. To prevent 
the unit dots of the add-on lines from being noticed with 
the human eye ; the unit dots of the adjacent add-on lines 
are spaced apart from each other by an interval of at 
least d3 (e.g., 32 pixels) in the main scan direction. 

Data represented by the unit dot is determined by 
a phase difference between the unit dot 3602a and the 
unit dot 3601 a. Fig. 43 shows that the unit dot represents 
4-bit information. The unit dot 3602a represents data 
"2". For example, when the unit dot 3602a is located at 
the left end, it represents data "0". When the unit dot 
3602a is located at the right end, it represents data "F". 

Of all the add-on lines constituting the set repre- 
senting all additional information, Fig. 44A represents a 
first add-on line LineO, and Fig. 44B represents a fourth 
add-on line Line3. 

As shown in Figs. 44A and 44B, dots 3702a to 
3702d are added all to the right of the original unit dots 
3701a to 370 1d on the first add-on line LineO at an in- 
terval d4 (e.g., 16 pixels). Dots 3705a to 3705d are add- 
ed all to the right of the original dots 3704a to 3704d on 
the fourth add-on line Line3 at an interval d5 (e.g., 32 
pixels). These additional dots serve as a marker for 
specifying an add-on line number to which they are add- 
ed. Note that the markers are added to the two addon 
lines, respectively, because the top and bottom in the 
sub scan direction can be confirmed even from an out- 
put image. 

In addition, for example, a pattern to be added is 
added with a Y (yellow) toner because the human eye 
has a low identification capability for a pattern drawn 
with the Y toner This control is performed by the signal 
CNO shown in Fig. 16. 

A dot interval in the main scan direction of an addi- 
tional pattern and a repetition interval of all additional 
information in the sub scan direction must be deter- 
mined such that all information can be properly added 
in a uniform area having a low density enough to prop- 
erty identify the dots in a specific original as a target ob- 
ject. As a criterion for this, pitch information at 1/2 or less 
the width of the low-density, uniform area can be added 
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to the specific original as the target object so as to prop- 
erly identify the dots. 

[Pattern Addition Circuit] 

A pattern addition circuit according to this example 
will be described below. 

Figs. 45, 46, and 47 are block diagrams showing 
the arrangement of the pattern addition circuit 1410. 

Referring to Fig. 46, a sub scan counter 3819 and 
a main scan counter 381 4 count a main scan sync signal 
HSYNC and a pixel sync signal CLK, respectively, at a 
7-bit width, i.e., at a period of 1 28 lines or pixels. An AND 
gate 3820 connected to outputs Q2 and Q3 of the sub 
scan counter 3819 outputs a signal of logic "H 1 when 
both bits 2 and 3 of the sub scan counter 3819 are set 
at logic "H". That is, an output from the AND gate 3820 
goes to "H" level for a 4-line period every 16 lines in the 
sub scan direction. This output signal serves as an add- 
on line enable signal. 

The output from the AND gats 3820 and the upper 
three bits (Q4 to Q6) of the sub scan counter 3819 are 
added to gates 3822 and 3821 , so that the gates 3822 
and 3821 generate an enable signal LINE0 for add-on 
line 0 and an enable signal UNE3 for add-on line 3, re- 
spectively. 

On the other hand, an initial value is loaded in the 
main scan counter 381 4 by HSYNC, as will be described 
in detail later. Gates 3815 to 3817 receive upper four 
bits (Q3 to Q6) of the main scan counter 3814, respec- 
tively. An output from the AND gate 381 5 goes to "H" for 
an 8-pixel interval every 128 pixels and serves as a dot 
enable signal. The gates 381 6 and 3817 receive the sig- 
nal LINE0 and UNE3 in addition to the upper four bits 
of the main scan counter 3814 to generate enable sig- 
nals for the marks of lines 0 and 3. All these dot and 
mark enable signals are input to an OR gate 3818. An 
output from the OR gate 3818 and the output from the 
AND gate 3820 are logically ANDed by an AND gate 
3824. As a result, dot and mark enable signals which go 
to "H" level on only add-on lines are generated. 

An output from the AND gate 3824 is synchronized 
with the pixel sync signal CLK in an F/F 3828. An output 
from the F/F 382B is logically ANDed with the 2-bit out- 
put color selection signal CNO by an AND gate 3830. 
Bit 0 of the output color selection signal CNO is inverted 
by an inverter 3829, and the inverted signal is input to 
the AND gate 3830. Bit 1 of the output color selection 
signal CNO is directly input to the AND gate 3830. 
Therefore, the signal CNO = "10" is obtained. That is, 
the dot and mark enable signals become valid only dur- 
ing printing of a Y color image. 

The output from the AND gate 3824 is also connect- 
ed to a clear terminal CLR of a counter 3825. When the 
output from the AND gate 3824 is set at "H" level, i.e., 
only when the add-on line dot is enabled, the counter 
3825 counts the pixel sync signal CLK. Bits 1 and 2 of 
an output from the counter 3825 are input to an Ex-NOR 



gate 3826. An output from the Ex-NOR gate 3826 is set 
at V level for an intermediate 4-CLK period in an add- 
on line dot period (8 CLKs). An output from the Ex-NOR 
gate 3826 is synchronized with the pixel sync signal CLK 
s by an F/F 3827 and output as a signal MINUS. When 
this signal MINUS goes to "L° level, the add-on line dot 
is modulated to +a 

Note that the F/F 3827 is arranged to remove a 
glitch contained in the signal MINUS and phase-lock this 
signal with the add-on line dot enable signal. 

The signal MINUS is input to a selection terminal S 
of a selector 3838. 

An AND circuit 3832 receives, e.g., an 8-bit modu- 
lation amount a from a register 3831 and the output from 
the AND gate 3830. Since the output from the AND gate 
3830 goes to "H" level at the timing of an add-on line dot 
period, the AND circuit 3832 outputs the modulation 
amount a at the timing of the add-on line dot period. 
Therefore, pixels except for the add-on line dot are not 
modulated because the modulation amount represent- 
ed by the output from the AND circuit 3832 is set at 0. 

For example, an 8-bit image signal V is input to a 
terminal A of each of an adder unit 3833 and a subtracter 
unit 3835. The modulation amount a output from the 
AND circuit 3832 is input to a terminal B of each of the 
adder unit 3833 and the subtracter unit 3835. An output 
from the adder unit 3833 is input to an OR gate 3834, 
and an output from the subtracter unit 3835 is input to 
an AND gate 3837. 

When an addition result V + a from the adder unit 

3833 overflows to output a carry signal CY, the OR gate 

3834 forcibly sets the operation result to 255. When a 
subtraction result V - a from the subtracter unit 3835 
underflows to output a carry signal CY, the AND gate 
3837 forcibly sets the operation result to, e.g., 0 using 
a carry signal CY inverted by an inverter 3836. 

The operation results V + a and V - a are input to 
the selector 3838 and are selectively output from the se- 
lector 3838 in response to the signal MINUS, 

The above circuit arrangement performs dot mod- 
ulation shown in Fig. 40. 

The value loaded in the main scan counter 3814 is 
generated as follows. 

An F/F 3813 and a counter 3809 are reset in re- 
sponse to the sub scan sync signal VSYNC, and 0 is set 
as the initial value of the main scan counter 381 4 for the 
first add-on line. 

A signal ADLIN input to the clock terminals of the 
counter 3809 and the F/F 3813 is obtained by causing 
an F/F 3823 to synchronize the output as an add-on line 
enable signal from the AND gate 3820 with the main 
scan sync signal HSYNC. 

In response to, e.g., a 3-bit signal input to the select 
terminal S of a selector 3810, the selector 3810 selects 
one of registers 3801 to 3808 for storing, e.g., 4-bit val- 
ues of eight add-on lines. The selector 381 0 outputs the 
value set in the selected register. 

A select signal input to the selector 3810 is gener- 
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ated by the counter 3809 for counting the signal ADUN. 
At the timing of the first add-on line, the counter 3809 is 
cleared by the sub scan sync signal VSYNC, and the 
select signal is set at "0". !n this case, the selector 3810 
selects the register 3801 . When the signal ADUN rises, 
the count value of the counter 3809 is incremented by 
one, and the selector 3810 selects the register 3802. 
Subsequently, the selector 3810 repeatedly selects the 
register from the registers 3803 to 380B in synchronism 
with the signal ADUN. 

An output from the selector 381 0 is added to an out- 
put from an adder 381 2 by an adder 381 1 . The sum from 
the adder 3811 is input to the F/F 3813. Input data is 
latched in the F/F 381 3 at the trailing edge of the signal 
ADUN and is input to the main scan counter 3814. 

An output from the F/F 381 3 is sent to the main scan 
counter 3814 and is also input to a terminal B of the 
adder 381 2. The output from the F/F 381 3 is added by 
the adder 3812 to a predetermined value, e.g., "8" input 
to a terminal A of the adder 3812. The sum from the 
adder 3812 is sent to the adder 381 i. This represents 
an offset value for causing the add-on line dot position 
to be spaced apart from the dot position of the immedi- 
ately preceding add-on line in the sub scan direction. 

[Copying Result] 

Fig. 48 is a view showing a copying result of this 
example. Only the arrangement of unit dots of add-on 
lines is illustrated in this copying result. 

Referring to Fig. 48, an image 3901 is, e.g., a spe- 
cific original image. The unit dot of an add-on line is rep- 
resented by a black square. 

As described above, according to this example, the 
manufacturing number unique to a copying machine or 
a code or symbol of the manufacturing number is rep- 
resented by an additional pattern. When the apparatus 
of this example is used in illegal copying, an illegal copy 
can be checked to specify the copying apparatus used 
in this illegal copying. 

When a pattern is to be added to an output image, 
complementary image signal modulation operations are 
combined in small areas to preserve the overall density 
and prevent degradation of image quality without any 
change in color tone. 

When complementary image signal modulation is 
performed to check additional pattern in a microscopic 
viewpoint, the additional pattern can be easily found, 
and reading of the additional information can be property 
read. 

<Ninth Example: An Embodiment of the lnvention> 

Fig. 49 is a view for explaining the ninth example. 

This example is a modification of the eighth exam- 
ple. More specifically, in the ninth example, halftone da- 
ta generated by a reference pattern generation circuit 
22 is pattern-modulated by a pattern addition circuit 



1410, and a reference pattern is then formed on a pho- 
tosensitive drum. The density of the reference image to 
be formed has been changed by pattern modulation. 
This pattern is read by a photodiode 112 to detect an 
s image forming state of an image forming means and is 
used as data for judging density conversion character- 
istics of a density conversion circuit 1408. For example, 
the density conversion table is rewritten by this data. 
According to this example described above, the im- 
10 age forming means can be optimized in consideration 
of a change in density by the additional pattern. 

According to the fifth to ninth examples, image qual- 
ity in superposition of information unique to an appara- 
tus on image information can be improved. 

<Tenth Example; An Embodiment of the lnvention> 

Fig. 55 is a view showing the arrangement of a color 
copying apparatus. 

First of all. a method o? forming a color image wiii 
be described below. 

Referring to Fig. 55, an original 4101 placed on an 
original glass table 4102 is focused on a CCD 4105 by 
a light source 41 03 and an optical lens 4104 and is con- 
verted into an image signal corresponding to an amount 
of light received by the CCD 4105. 

An image signal is converted into a digital value by 
an A/D conversion circuit 4106 and is processed by a 
CPU 4107 to drive a laser source 4108. 

An emitted laser beam is reflected by a polygon mir- 
ror 4001 and a mirror 4002 and is radiated on a photo- 
sensitive drum 4004. 

The surface of the photosensitive drum 4004 is 
cleaned by a cleaning blade 4110 in advance so as not 
to leave residual toners on the surface of the photosen- 
sitive drum 4004. The surface of the photosensitive 
drum 4004 is then uniformly charged with a charger 
4109. 

The photosensitive drum 4004 on which a latent im- 
age is formed upon laser beam scan using a Y (yellow) 
image signal first is rotated in a direction indicated by 
an arrow in Fig. 55. The latent image is then developed 
with a developing unit 4003Y. 

The photosensitive drum 4004 is further rotated to 
attract a recording medium 4006 to a transfer drum 
4111, and a toner image formed on the photosensitive 
drum 4004 is transferred to the recording medium 4006 
by a transfer charger 41 1 2. 

Latent image formation and development are per- 
formed in accordance with an M (magenta) image sig- 
nal, and the M image is transferred on the Y image on 
the recording medium at the image registration position. 

Similarly, C and Bk images are formed and trans- 
ferred on the Y and M images. The recording medium 
is separated from the transfer drum 4111 , and the imag- 
es on the recording medium are fixed by a fixing roller 
pair 4007, thereby obtaining a color image print. 

Fig. 54 is a block diagram showing an image signal 
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processing unit for obtaining a gradation image. 

An image luminance signal is obtained by the CCD 
line sensor 4010 and converted into a digital luminance 
signal by the A/D conversion circuit 4011 . 

The sensitivity variations of the CCD elements 
which are contained in the resultant luminance signal 
are corrected by a shading circuit 4012. The corrected 
luminance signal is converted into a density signal by a 
LOG conversion circuit 401 3. 

An LUT (look-up table) 4014 performs conversion 
such that the 7 characteristics o1 the printer in initializa- 
tion for the original image density coincide with those for 
the output image. 

On the other hand, a machine number pattern gen- 
eration circuit 4015 generates a pattern unique to the 
machine. The modulation quantity of only a Y (yellow) 
image signal having a lowest resolution to the human 
eye is changed in accordance with the magnitude of the 
density signal, as shown in Fig. 56. This control is per- 
formed by a modulation control circuit 4016 in Fig. 54. 

The modulated machine number pattern is synthe- 
sized with the image signal by a comparator circuit 401 7 . 

The machine number pattern is caused to corre- 
spond to a numeric pattern, as shown in Fig. 57 in this 
example, but is preferably constituted by an encrypted 
shape pattern corresponding to the numbers and char- 
acters. 

The image signal superposed with the machine 
number pattern is modulated by a pulse width modula- 
tion circuit 4018 to obtain a laser emission time propor- 
tional to the density signal. The signal from the pulse 
width modulation circuit 20 is sent to the laser driver 
401 9. The density gradation is expressed as area mod- 
ulation, thereby forming a gradation image. 

The machine number pattern is observed through 
a 350-nm sharp band filter after a full color image is 
formed. In this case, the machine number pattern can 
be identified by separating only a yellow signal. Even if 
a copy is a counterfeit, a copying machine used to obtain 
this copy can be specified. 

Fig. 58 is a four-quadrant chart showing gradation 
reproduction. 

A quadrant I represents the reader characteristics 
for converting the original density into the density signal, 
a quadrant II represents the characteristics of the LUT 
tor converting the density image into the laser output sig- 
nal, a quadrant III represents printer characteristics for 
converting the laser output signal into the output density, 
and a quadrant IV represents total gradation character- 
istics of the image forming apparatus which represent 
the relationship between the original density and the 
output density. 

The number of gradation levels is 256 because in- 
put data is processed using an 8-bit digital signal. 

The printer characteristics of the quadrant III are 
known to have various shapes depending on the char- 
acteristics of the photosensitive body, the laser spot di- 
ameter, and the developing characteristics. 



An S-shaped characteristic curve is exemplified 
here. 

It is important to faithfully reproduce a full color im- 
age such that the total gradation characteristics repre- 

s sentin g the relationship between the original density and 
the output density in the quadrant IV become linear. For 
this purpose, the LUT characteristic curve in the quad- 
rant III must be an S-shaped curve, as shown in Fig. 58. 
The modulated signal ot the machine number pat- 

10 tern is set (i.e., Di 2 ) by adding AD1 to the image signal 
from Dij upon LUT operation in the quadrant III. 

However, the symbol ADi unique to the image form- 
ing apparatus is set to be unnoticeable in accordance 
with the initial printer characteristics in Fig. 58. When 

is the image forming apparatus is used for a long period 
of time, the photosensitive drum 4004 is worn by the 
cleaning blade 4110 to cause a change in printer char- 
acteristics, as indicated in the quadrant 111. Therefore, 
patterns are gradually noticeable in a highlighted por- 

20 tion. 

In an image forming apparatus in which images 
formed by a plurality of color agents are stacked on each 
other and information unique to the image forming ap- 
paratus is superposed on an image of a specific color, 
25 the use state of the image forming apparatus is detected 
to variably set a superposition pattern. 
This will be described in detail below. 
Fig. 51 is a view showing the arrangement of the 
full color image forming apparatus of an etectrophoto- 
30 graphic scheme, and Fig. 50 is a block diagram showing 
an image processing unit thereof. 

Referring to Fig. 51, an HP (home position) sensor 
4120 counts the rotation amount of the photosensitive 
drum. A method of forming a color image is performed 
35 in the same manner as in the conventional technique. 
Referring to Fig. 50, an original image luminance 
signal is obtained by the line sensor CCD 4010, and sen- 
sitivity variations of the CCD elements are corrected by 
the shading circuit 4012. The corrected luminance sig- 
40 nal is converted into a density signal by the LOG con- 
version circuit 4013. 

The LUT (look-up table) 401 4 performs conversion 
such that the y characteristics of the printer in initializa- 
tion for the original image density coincide with those for 
45 the output image. 

On the other hand, the machine number pattern 
generation circuit 4015 generates a pattern unique to 
the apparatus. The density signal is modulated by a 
modulation quantity control circuit 4016' in accordance 
50 with the modulation quantity corresponding to the rota- 
tion amount (cumulative rotation amount) of the photo- 
sensitive drum which is detected by the HP detection 
sensor 4020. 

The modulated machine number pattern is synthe- 
55 sized with the image signal by the comparator circuit 
4017 for superposing the pattern on the image signal. 

The image signal superposed with the machine 
number pattern is modulated by the pulse width modu- 
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lation circuit 4018 to have a (aser emission time propor- 
tional to.the density signal. The modulated signal is sent 
to the laser driver 401 9 to express the density gradation 
into area gradation, thereby forming a gradation image. 

The machine number pattern is observed through 
a 350-nm sharp band filter after a full color image is 
formed. In this case, the machine number pattern can 
be identified by separating only a yellow signal. Even if 
a copy is a counterfeit, a copying machine used to obtain 
this copy can be specified. 

Fig. 52 shows the modulation quantity correspond- 
ing to the rotation amount of the photosensitive drum for 
Di, in Fig. 58, 

Even if the image forming apparatus is degraded, 
the density step AD 0 of the output is kept constant, as 
shown in Fig. 53. Therefore, the patterns can be kept 
unnoticeable in a highlighted portion. 

When the photosensitive drum is replaced with a 
new one, the rotation amount of the photosensitive drum 
is set to zero. 

<Eleventh Example: An Embodiment of the lnvention> 

In full-color image formation, the photosensitive 
drum is rotated by eight revolutions/copy. The same ef- 
fect as in the tenth example can be obtained even if a 
modulation quantity (Fig. 60) is used in correspondence 
with a cumulative copy count. 

A cumulative copy counter is arranged in place of 
the HP detection sensor 4020. 

Full color copying is performed in this example, but 
the present invention is equally applicable to a mono- 
chrome copying machine. 

<Twelfth Example: An Embodiment of the lnvention> 

A modulation quantity may be controlled in accord- 
ance with a rotation amount of a developing unit in place 
of the rotation amount of the photosensitive drum (Fig. 
61). 

thirteenth Example: An Embodiment of the lnvention> 

The present invention is also applicable to a cumu- 
lative time in which a power switch is kept on. A full color 
copying machine is normally kept operated all day long, 
and an average copy count per month is about 2,000. 
Therefore, the rotation amount of the photosensitive 
drum can be roughly known. 

A timer for counting a cumulative power-ON time 
may be arranged in place of the HP detection sensor 
4020 to control the modulation quantity (Fig. 82) in ac- 
cordance with the count value of this timer. 

The present invention is applicable when a param- 
eter representing the state of the photosensitive drum 
is calculated. 

A superposition pattern may be changed in accord- 
ance with another image forming means such as a 



charger or a developing unit in place of the photosensi- 
. . tive daim. _ . 

In an image forming apparatus in which images 
formed by a plurality of color agents are stacked on each 
5 other and information unique to the image forming ap- 
paratus is superposed on an image of a specific color, 
the use state of the image forming apparatus is detected 
to variably set a superposition pattern, thereby making 
the superposed symbol unique to the image forming ap- 
paratus unnoticeable regardless of the state of the ap- 
paratus. 

As described above, according to the tenth to thir- 
teenth examples, image quality can be improved in su- 
perposition of the information unique to the apparatus 
on the image information. 

<Fourteenth Example: An Embodiment of the 
lnvention> 

The fourteenth example is an improverneni or ihe 
first example shown in Figs. 1 to 16. 

First of all, a method of forming a color image will 
be described. 

Fig. 64 is a side sectional view showing the arrange- 
ment of the main part of a color copying machine ac- 
cording to the fourteenth example. 

Referring to Fig. 64, an original 2101 placed on an 
original glass table 2102 is focused on a CCD line sen- 
sor 21 05 by a light source 2103 and an optical lens 21 04 
and is converted into an image signal corresponding to 
an amount of received light. 

The image signal is converted into a digital value by 
an image signal A/D conversion circuit 2106 and is im- 
age-processed by a control circuit 21 07. The processed 
image is used to drive a laser light source 2108. An emit- 
ted laser beam is reflected by a polygon mirror 2001 and 
a mirror 2002, and the reflected light beam is radiated 
on a photosensitive drum 2004. 

The surface of the photosensitive drum 2004 is 
cleaned by a cleaning blade 21 10 to be free from resid- 
ual toners. The surface of the photosensitive drum 2004 
is uniformly charged with a charger 2109. 

First, the photosensitive drum 2004 formed with a 
latent image upon laser beam scan using a Y (yellow) 
image signal is rotated in a direction indicated by an ar- 
row in Fig. 64. The latent image is then developed by a 
developing unit 2003Y. 

The photosensitive drum 2004 is further rotated to 
cause a recording medium 2006 to attract to a transfer 
drum 2004. At the same time, a toner image formed on 
the photosensitive drum 2004 is transferred to the re- 
cording medium by a transfer charger 2112. 

Latent image formation and development using an 
M (magenta) image signal are performed. At the regis- 
tered position of the image, the magenta image is su- 
perposed on the Y image on the recording medium. 

Similarly, C and Bk images are formed and are 
transferred on the preceding color images. The record- 
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ing medium is then separated from the transfer drum 
2111 and is fixed by a fixing roller pair 2007, thereby 
obtaining a color image print. 

In this example, a lamp 2041 and a record sheet 
detection sensor 2040 are arranged near a cassette 
2042 which stores record sheets. Operations of these 
elements will be described laster. 

An image process for obtaining a gradation image 
according to this example will be described below. 

Fig. 63 is a block diagram showing the schematic 
circuit arrangement of the color copying machine ac- 
cording to the fourteenth example. A shading circuit 
201 2 corrects shading of the digital signal from the NO 
conversion circuit 2106. The control circuit 2107 com- 
prises a LOG conversion circuit 2013, an LUT (look-up 
table) 2014, a machine number pattern generation cir- 
cuit 2015, a modulation quantity control circuit 2016, a 
comparator circuit 201 7, a pulse width modulation circuit 
2018, and an LD driver 2019. 

The operation of the above arrangement will be de- 
scribed below. 

Fig. 66 is a view showing a machine number pattern 
according to the fourteenth example. 

An image luminance signal is obtained by the CCD 
line sensor 2105 and is then converted into a digital lu- 
minance signal by the A/D conversion circuit 2106. The 
sensitivity variations of the respective CCD elements of 
the resultant luminance signal are corrected by the 
shading circuit 2012. The corrected luminance signal is 
converted into a density signal by the LOG conversion 
circuit 2013. 

The LUT 2014 performs conversion such that the y 
characteristics of the printer in initialization for the orig- 
inal image density coincide with those for the output im- 
age. 

On the other hand, the machine number pattern 
generation circuit 2015 generates a machine number 
pattern. In this case, an image signal consisting of only 
Y (yellow) having the lowest resolution with respect to 
a human eye is generated, and its modulation quantity 
is changed on the basis of a signal from the record sheet 
detection sensor 2040. This control is performed by the 
modulation quantity control circuit 2016 shown in Fig. 
63. The modulated machine number pattern is synthe- 
sized by a comparator circuit 2017 for superposing the 
pattern on the image signal. 

The machine number pattern is caused to corre- 
spond to a numeric pattern, as shown in Fig. 66 in this 
example, but is preferably constituted by an unnoticea- 
ble pattern corresponding to the numbers and charac- 
ters. 

The image signal superposed with the machine 
number pattern is modulated by the pulse width modu- 
lation circuit 2018 to have a laser emission time propor- 
tional to the density signal. The modulated signal is sent 
to the laser driver 201 9 to express the density gradation 
into area gradation, thereby forming a gradation image. 

The machine number pattern is observed through 



a 350-nm sharp band filter after a full color image is 
formed. In this case, the machine number pattern can 
be identified by separating only a yellow signal. Even if 
a copy is a counterfeit, a copying machine used to obtain 
5 this copy can be specified. 

A method of detecting a material will be described 
below. 

Fig. 65 is a graph for explaining a method of detect- 
ing a material in the fourteenth example. 
10 Ordinary paper is distinguished from an OHP film 
used in a transmission projector in this example. In this 
case, an optical detection scheme is employed. In Fig. 
64, when a material is fed from the cassette 2042, and 
light from a light source 2011 to the record sheet detec- 
ts tion sensor 2010 is shielded, the intensity of light inci- 
dent on a light-receiving portion of the sensor 2010 has 
a level indicated by (A) in Fig. 65. At this time, it is found 
that a material having a low transmittance, such as or- 
dinary paper, has passed. When a transparent material 
20 such as an OHP film has passed, the intensity of light 
transmitted through the material almost remains the 
same, as indicated by a level indicated by (B) in Fig. 65. 
These judging operations are performed by setting a 
threshold value (C) in Fig. 65. 
2s if a detection level is higher than that of the thresh- 
old value (C), i.e., if the level (B) is detected, the material 
is judged as a transparent material such as an OHP film. 
On the other hand, if the detection level is lower than 
that of the threshold value (C), i.e., if the level (A) is de- 
30 tected, the material is judged as a material having a low 
transmittance, such as ordinary paper. If the detection 
level is almost equal to that of the threshold value (C), 
this level is determined in advance so as to belong to 
one of the levels (B) and (C). 
35 in this example, the transmittance of the material is 
detected using the optical sensor. The material may be 
detected by its resistivity or thickness. In addition, a se- 
lection mode may be variably selected upon operation 
of a set button by a user. 
40 Qouti and Qout2 are set f° r tne detected different ma- 
terials (A) and (B), and the corresponding outputs are 
shown in Figs. 67A and 67B. 

As shown in Fig. 67A, when an OHP film is detect- 
ed, the modulation value is reduced to eliminate degre- 
es dation of image quality upon optical projection. A level 
which provides good readability can be set. 

Even if banknotes and securities are copied on 
OHP films, the resultant counterfeits cannot be used in 
practice. Therefore, modulation may be set in an OFF 
so state, as shown in Fig. 67B. 

In an image forming apparatus in which images 
formed by a plurality of color agents are stacked on each 
other and information unique to the image forming ap- 
paratus is superposed on an image of a specific color, 
55 the modulation quantity of the superposition pattern or 
the pattern signal is changed in accordance with the 
type of material used. The information unique to the im- 
age forming apparatus can be stably formed on the im- 
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age. A pattern which is unnoticeable with a human eye 
but can be read by a specific reader can be superposed 
on the output image. 

<Fifteenth Example: An Embodiment of the lnvention> 

A method of forming a pattern free from degradation 
of image quality in reading the pattern will be described 
according to the fifteenth example. 

Fig. 68 is a graph showing the relationship between 
the modulation quantity and the output according to the 
fifteenth example, and Fig. 69 is a view showing a ma- 
chine number pattern according to the fifteenth exam- 
ple. 

According to the fourteenth example, the modula- 
tion quantity is reduced or set in the OFF state upon de- 
tection of an OHP film. The fifteenth example comprises 
a method of reducing degradation of image quality. Deg- 
radation of image quality in a transparent film is caused 
such that dots constituting an image form a shadow in 
the transmission projector, in the fifteenth example, the 
modulation quantity is set to be (-), and a signal is re- 
duced for a specific pattern, as shown in Fig. 69. There- 
fore, a pattern free from degradation of image quality in 
reading the pattern can be formed. 

<Sixteenth Example: An Embodiment of the lnvention> 

Addition of a modulation signal which is rarely de- 
graded in image quality will be described according to 
the sixteenth example. 

A superposed signal generally becomes noticeable 
to degrade image quality by the background portion of 
the material which has no image signal. The color of the 
background portion of the material is detected, and the 
detected signal is filtered through a sharp band filter to 
add (superpose) a signal representing a color similar to 
the background color but distinguishable from the back- 
ground color. That is, a CCD is used as a record sheet 
detection sensor 2040 to detect the spectral character- 
istics of the material, and a color closest to these spec- 
tral characteristics is selected to achieve the above ef- 
fect. For example, if the background color is white or 
yellow, then a Y toner is effectively used; blue or green, 
then a C toner; and pink or red, then an M toner. 

In this example, a color is designated within the 
range of M, C, Y, and Bk contributing to image formation. 
However, any other color may be used, as a matter of 
course. 

Embodiments of the present invention may com- 
prise a system constituted by a plurality of equipments 
or an apparatus constituted by one equipment. Embod- 
iments of the present invention can be achieved when 
a program is supplied to the system or apparatus. 

Embodiments described above exemplify a laser 
bean printer. However, the present invention is not lim- 
ited to this. The present invention is applicable to an ink- 
jet printer or a thermal transfer printer. The present in- 



vention is particularly applicable to a so-called bubble- 
jet printer using a head for injecting liquid droplets uti- 
lizing film boiling with thermal energy. In embodiments 
described above, a color to be added is yellow. The 
s present invention is not limited to this. The color to be 
added may be an unnoticeable color such as yellowish 
green or gray, or a color having a high lightness, such 
as light purple or green. 

In embodiments described above, an original image 

10 is input by an image scanner. However, the present in- 
vention is not limited to this. An image may be input us- 
ing a still video camera or a video camera or may be 
prepared using computer graphics. 

As has been described above, according to the 

'5 fourteenth to sixteenth examples, 

in an image forming apparatus in which images 
formed by a plurality of color agents are stacked on each 
other and information unique to the image forming ap- 
paratus is superposed on an image of a specific color, 

20 the modulation quantity of the -superposition pattern or 
the pattern signal is changed in accordance with the 
type of material used. The information unique to the im- 
age forming apparatus can be stably formed on the im- 
age. A pattern which is unnoticeable with a human eye 

2S but can be read by a specific reader can be superposed 
on the output image. 

The present invention is not limited to the particular 
embodiments described above, various changes and 
modifications may be made for example by combining 

30 concepts from the above examples within the scope of 
the appended claims. 

Claims 

35 

1 . An image forming apparatus, comprising means for 
forming an image on a recording medium (2006; 6; 
4006) in accordance with received image data; 
characterised by: 

40 

synthesizing means (2107; 107; 22, 1410; 
4015-4019; 4107) for synthesizing predeter- 
mined information with the image represented 
by the image data such that the predetermined 
45 information appears on the recording medium 

in a form substantially unnoticeable to the hu- 
man eye; 

detecting means (2Q10, 2107; 107, 111, 112; 
1411 ; 4020; 4107, 4120; 2040, 2041) for deter- 
so mining a condition which affects visibility of the 
synthesized information, the condition being at 
least one of a use condition of a part of the ap- 
paratus, a condition of the environment of the 
apparatus, and a characteristic of the recording 
55 medium; and 

control means (2107; 107; 1411; 4016, 4017; 
4107) for controlling the synthesis by the syn- 
thesizing means based on the determination by 
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the detecting means. 

2. Apparatus according to claim 1 . wherein the syn- 
thesizing means is arranged to synthesize the pre- 
determined information sothat it appears in a yeilow s 
colour on the recording medium. 

3. Apparatus according to claim 1 or claim 2, wherein 
the predetermined information is information 
unique to the apparatus. io 

4. Apparatus according to claim 3, wherein the prede- 
termined information is a manufacturing number of 
the apparatus. 

is 

5. Apparatus according to any preceding claim, 
wherein the condition which affects visibility of the 
synthesized information is the moisture content of 
the environment of the apparatus. 

20 

5. Apparatus according to claim 5, wherein the detect- 
ing means is arranged to measure the temperature 
of the environment. 

7. Apparatus according to claim 5 or claim 6, wherein 25 
the detecting means is arranged to measure the hu- 
midity of the environment. 

8. Apparatus according to claim 7, wherein the detect- 
ing means is arranged to determine the rate of 30 
change of the humidity of the environment from the 
measured humidity values. 

9. Apparatus according to any of claims 1 to 4, wherein 
the condition which affects visibility of the synthe- 35 
sized information is the image reproducibility of the 
image forming means. 

10. Apparatus according to claim 9, wherein the image 
forming means includes a photosensitive drum (4), 40 
and wherein the detecting means is arranged to de- 
termine the image reproducibility of the image form- 
ing means on the basis of light reflected from a mul- 
tigradation reference pattern formed on the photo- 
sensitive drum. 4S 

1 1 . Apparatus according to any of claims 1 to 4, wherein 
the detecting means is arranged to detect the cu- 
mulative rotation amount of an image carrier (4004) 

in the image forming means. 50 

1 2. Apparatus according to any of claims 1 to 4, wherein 
the detecting means is arranged to detect the cu- 
mulative copy count of the apparatus. 

55 

1 3. Apparatus according to any of claims 1 to 4, wherein 
the detecting means is arranged to detect the cu- 
mulative amount of use of a developing unit in the 



image forming means. 

14. Apparatus according to any of claims 1 to 4, wherein 
the detecting means is arranged to detect the cu- 
mulative amount of use of a charger within the im- 
age forming means. 

15. Apparatus according to any of claims 1 to4, wherein 
the detecting means is arranged to detect the cu- 
mulative power-ON time of the apparatus. 

16. Apparatus according to any of claims 1 to 4, wherein 
the condition which affects visibility of the synthe- 
sized information is the type of the recording medi- 
um. 

17. Apparatus according to claim 16, wherein the de- 
tecting means is arranged to detect the transmit- 
tance of the recording medium. 

18. Apparatus according to claim 16, wherein the de- 
tecting means is arranged to detect the resistivity of 
the recording medium. 

19. Apparatus according to claim 16, wherein the de- 
tecting means is arranged to detect the thickness 
of the recording medium. 

20. An image forming apparatus according to claim 16, 
wherein said detecting means is operable to deter- 
mine the type of the recording medium on the basis 
of a signal defining a user selection of the recording 
medium. 

21. Apparatus according to any of claims 1, 3 or 4, 
wherein the detecting means is arranged to detect 
a spectral characteristic of the recording medium. 

22. Apparatus according to claim 21, wherein the de- 
tecting means is arranged to control the synthesis 
by the synthesizing means such that the predeter- 
mined information appears on the recording medi- 
um in a colour similar to, but distinguishable from, 
the background colour of the medium. 

23. A method of operating an image forming apparatus 
to form an image on a recording medium in accord- 
ance with received image data, characterised by: 

determining a condition which affects visibility 
of the synthesized information, the condition 
being at least one of a use condition of a part 
of the apparatus, a condition of the environment 
of the apparatus, or a characteristic of the re- 
cording medium; and 

synthesizing predetermined information with 
the image represented by the image data on the 
basis of the determined condition such that the 
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predetermined information appears on the re- 
cording medium in a form substantially unno- 
ticeable to the human eye. 



Patentanspruche 

1. Bilderzeugungsvorrichtung mit einer Einrichtung 
zur Erzeugung eines empfangenen Btiddaten ent- 
sprechenden Bildes auf einem Aufzeichnungstra- 10 
ger (2006; 6; 4006), 

gekennzeichnet durch 

eine Synthetisierungseinrichtung (2107; 107; 
22, 1410; 4015-4019; 4107) zur derartigen « 
Synthetisierung vorbestimmter informationen 
mit dem durch die Bilddaten dargestellten Bild, 
daG die vorbestimmten Informationen auf dem 
Aufzeichnungstrager in einer fur das menschli- 
che Auge im wesentlichen nicht wahrnehmba- 20 
rer. Form erscheinen, 

eine Erfassungseinrichtung (2010, 2107; 107, 
111, 112; 1411; 4020; 4107, 4120; 2040, 2041) 
zur Bestimmung einer die Sichtbarkeit der syn- 
thetisierten Informationen beeinflussenden Be- 2s 
dingung, wobei die Bedingung zumindest eine 
von einer Verwendungsbedingung eines Teiles 
der Vorrichtung, einer Bedingung der Umge- 
bung der Vorrichtung und einem Kennzeichen 
des Aufzeichnungstragers ist, und 30 
eineSteuereinrichtung(2107; 107; 1411; 4016, 
4017; 4107) zur auf der Bestimmung durch die 
Erfassungseinrichtung beruhender Steuerung 
der Synthese durch die Synthetisierungsein- 
richtung. 35 

2. Vorrichtung nach Anspruch 1 , 

dadurch gekennzeichnet, daft 

die Synthetisierungseinrichtung zur Syntheti- 
sierung der vorbestimmten Informationen derart *o 
beschaffen ist, daft sie in gelber Farbe auf dem Auf- 
zeichnungstrager erscheinten. 

3. Vorrichtung nach Anspruch 1 Oder 2, 

dadurch gekennzeichnet, daft 4$ 

die vorbestimmten Informationen fur die Vor- 
richtung eindeutige Informationen sind. 

4. Vorrichtung nach Anspruch 3, 

dadurch gekennzeichnet, daft 5 ® 

die vorbestimmten Informationen eine Her- 
steliungsnummmer der Vorrichtung sind. 

5. Vorrichtung nach einem der vorangehenden An- 
spruche, ss 

dadurch gekennzeichnet, daft 
die die Sichtbarkeit der synthetisierten Infor- 
mationen beeinfiussende Bedingung der Feuchtig- 



keitsgehalt der Umgebung der Vorrichtung ist. 

6. Vorrichtung nach Anspruch 5, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Messung der 
Temperatur der Umgebung vorgesehen ist. 

7. Vorrichtung nach Anspruch 5 oder 6, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Messung der 
Feuchtigkeit der Umgebung vorgesehen ist. 

8. Vorrichtung nach Anspruch 7, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung vorgesehen ist, 
um aus den gemessenen Feuchtigkeitswerten die 
Feuchtigkeitsanderungsrate der Umgebung zu be- 
stimmen. 

9. Vorrichtung nach einem der Anspriiehe 1 bis 4, 

dadurch gekennzeichnet, daft 
die die Sichtbarkeit der synthetisierten Infor- 
mationen beeinfiussende Bedingung die Bildwie- 
dergabefahigkeit der Bilderzeugungseinrichtung 
ist. 

10. Vorrichtung nach Anspruch 9, 

dadurch gekennzeichnet, daft 

die Bilderzeugungseinrichtung eine photoemp- 
findliche Trommel (4) aufweist, und 
die Erfassungseinrichtung zur Bestimmung der 
Biidwiedergabefahigkeit der Bilderzeugungs- 
einrichtung auf der Grundlage von Licht vorge- 
sehen ist, das von einem auf der photoempfind- 
lichen Trommel ausgebildeten Mehrfachgrada- 
tionsbezugsmuster reflektiert wird. 

11. Vorrichtung nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung der 
sich addierenden Anzahl an Umdrehungen einer 
Bildtragereinrichtung (4004) in der Bilderzeugungs- 
einrichtung vorgesehen ist. 

12. Vorrichtung nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung des 

sich addierenden Kopierzahlwerts der Vorrichtung 

vorgesehen ist. 

13. Vorrichtung nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung der 
sich addierenden Nutzungshaufigkeit einer Ent- 
wicklungseinheit in der Bilderzeugungseinrichtung 
vorgesehen ist. 
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14. Vorrichtung nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtungen zur Erfassung 
der sich addierenden Nutzungshautigkeit einer La- 
deeinrichtung in der Bilderzeugungseinrichtung s 
vorgesehen ist. 

15. Vorrichtung nach einem der AnsprOche 1 bis 4, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung der 10 
sich addierenden Einschaltdauer der Vorrichtung 
vorgesehen ist. 

16. Vorrichtung nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft *s 

die die Sichtbarkeit der synthetisierten Infor- 
mationen beeinflussende Bedingung der Typ des 
Aufzeichnungstragers ist. 

17. Vorrichtung nach Anspruch 16, 20 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung des 

Transmissionsgrads des Aufzeichnungstragers 

vorgesehen ist. 

25 

18. Vorrichtung nach Anspruch 16, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Erfassung der 
Widerstandsfahigkeit des Aufzeichnungstragers 
vorgesehen ist. 30 

19. Vorrichtung nach Anspruch 16, 

dadurch gekennzeichnet, daft 
die Erfassungseinrichtung zur Erfassung der 
Dicke des Aufzeichnungstragers vorgesehen ist. 35 

20. Bilderzeugungsvorrichtung nach Anspruch 16, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur Bestimmung 
des Typs des Aufzeichnungstragers auf der Grund- 40 
lage eines Signals betreibbar ist, das eine Auswahl 
des Aufzeichnungstragers durch eine Bedienper- 
son definiert. 

21 . Vorrichtung nach einem der AnsprOche 1 , 3 Oder 4, 45 

dadurch gekennzeichnet, da ft 

die Erfassungseinrichtung zur Erfassung 

spektraler Merkmale des Aufzeichnungstragers 

vorgesehen ist. 

so 

22. Vorrichtung nach Anspruch 21, 

dadurch gekennzeichnet, daft 

die Erfassungseinrichtung zur derartigen 
Steuerung der Synthese durch die Synthetisie- 
rungseinrichtung vorgesehen ist, daft die vorbe- 55 
stimmten Informationen auf dem Aufzeichnungstra- 
ger in einer Farbe erscheinen, die zu der Hinter- 
grundfarbe des Tragers ahniich, aber davon unter- 



scheidbar ist. 

23. Verfahren zum Betreiben einer Bilderzeugungsvor- 
richtung zum Erzeugen eines Bildes auf einem Auf- 
zeichnungstrager entsprechend empfangener Bild- 
daten, 

gekennzeichnet durch 

Bestimmen einer die Sichtbarkeit der syntheti- 
sierten Informationen beeinflussenden Bedin- 
gung, wobei die Bedingung zumindest eine aus 
einer Verwendungsbedingung eines Teiles der 
Vorrichtung, einer Umgebungsbedingung der 
Vorrichtung Oder einem Kennzeichen des Auf- 
zeichnungstragers ist, und 
Synthetisieren vorbestimmter Informationen 
mit dem durch die Bilddaten dargestelften Bild 
auf der Grundlage der bestimmten Bedingung 
derart, daft die vorbestimmten Informationen 
auf dem Aufzeichnungstrager in einer fur das 
menschliche Auge im wesentlichen nicht wahr- 
nehmbaren Form erscheinen. 



Revendicatione 

1. Appareil de formation d'images comprenant des 
moyens pour former une image sur un support d'en- 
registrement (2006; 6; 4006) en fonction de don- 
nees d'image recues; 

caracterise par : 

des moyens de synthese (2107; 107; 22, 1410; 
4015-4019; 4107) pour synthesiser une infor- 
mation predetermined, avec I'image represen- 
tee par les donnees d'image de telle sorte que 
rinformation predetermined apparait sur le 
support d'enregistrement sous une forme es- 
sentiellement invisible pour I'oeil humain; 
des moyens de detection (2010, 2107; 107, 
111, 112; 1411; 4020; 4107, 4120; 2040, 2041) 
pour determiner une condition qui affecte la vi- 
sibility de rinformation synthetisee, la condition 
§tant au moins Tune d'une condition d'utilisa- 
tion d'une partie de I'appareil, d'une condition 
de Penvironnement de Pappareil et d'une carac- 
te>ristique du support d'enregistrement; et 
des moyens de commande (2107; 107; 1411; 
4016, 4017; 4107) pour commander la synthe- 
se par les moyens de synthese sur la base de 
la determination effectuee par les moyens de 
detection. 

2. Appareil selon la revendication 1, dans lequel les 
moyens de synthese sont agences de maniere a 
synthetiser rinformation predeterminee de sorte 
qu'elle apparaTt avec une couleur jaune sur le sup- 
port d'enregistrement. 
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3. Appareil selon la revendication 1 ou la revendtca- 
tion 2, dans lequel I'information predeterminee est 
une information unique pour I'appareil. 

4. Appareil selon la revendication 3, dans lequel Tin- 5 
formation predetermin6e est un numdro de fabrica- 
tion de I'appareil. 

5. Appareil selon Tune quelconque des revendications 
prec6dentes, dans lequel la condition, qui affecte la io 
visibility de I'information synthetisee, est la teneur 

en humiditd de I'environnement de I'appareil. 

6. Appareil selon la revendication 5, dans lequel les 
moyens de detection sont agences de maniere a 1$ 
mesurer la temperature de I'environnement. 

7. Appareil selon la revendication 5 ou la revendica- 
tion 6, dans lequel les moyens de detection sont 
agences de maniere a mesurer I'humidite de I'envi- 20 
rcnncmsru. 

8. Appareil selon la revendication 7, dans lequel les 
moyens de detection sont agences de maniere a 
determiner le taux de variation de I'humidite de Ten- ss 
vironnement par rapport aux valeurs d'humidite me- 
surdes. 

9. Appareil selon Tune quelconque des revendications 

1 a 4, dans lequel la condition qui affecte la visibilite 30 
de I'information synthetisee est la reproductible 
d'images des moyens de formation damages. 

10. Appareil selon la revendication 9, dans lequel les 
moyens de formation d'images comprennent un 35 
tambour photosensible (4), et dans lequel les 
moyens de detection sont agences de maniere a 
determiner la reproducibility d'images des moyens 

de formation d'images sur la base d'une lumiere re- 
flechie par un dessin de reference a gradations mul- 40 
tiples forme sur le tambour photosensible. 

1 1 . Appareil selon Tune quelconque des revendications 
1 a 4, dans lequel les moyens de detection sont 
agences de maniere a detecter la quantite de rota- 45 
tion cumuiee d'un support d'image (4004) dans les 
moyens de formation d'images. 

1 2. Appareil selon Tune quelconque des revendications 

1 a 4, dans lequel les moyens de detection sont so 
agences de maniere a detecter le nombre cumuie 
de copies de I'appareil. 

1 3. Appareil selon Tune quelconque des revendications 

1 a 4, dans lequel les moyens de detection sont 55 
agences de maniere a detecter la quantite cumuiee 
d'utilisation d'une unite de developpement dans les 
moyens de formation d'images. 



1 4. Appareil selon I'une quelconque des revendications 
1 a 4, dans lequel les moyens de detection sont 
agences de maniere a detecter la quantity cumuiee 
d'utilisation d'un dispositif de charge situe dans les 
moyens de formation d'images. 

15. Appareil selon I'une quelconque des revendications 
1 a 4, dans lequel les moyens de detection sont 
agences de maniere a detecter la duree de marche 
cumuiee de I'appareil. 

16. Appareil selon I'une quelconque des revendications 
1 a 4, dans lequel la condition, qui affecte la visibilite 
de ('information synth6tis6e, est le type du support 
d'enregistrement. 

17. Appareil selon la revendication 16, dans lequel les 
moyens de detection sont agences de maniere a 
detecter la transmittance du support d'enregistre- 
ment. 

18. Appareil selon la revendication 16, dans lequel les 
moyens de detection sont agences de maniere a 
detecter la resistivity du support d'enregistrement. 

19. Appareil selon la revendication 16, dans lequel ies 
moyens de detection sont agences de maniere a 
detecter I'epaisseur du support d'enregistrement. 

20. Appareil de formation d'images selon la revendica- 
tion 16, dans lequel les moyens de detection peu- 
vent agir de maniere a determiner le type du support 
d'enregistrement sur la base d'un signal definissant 
un choix, fait par I'utilisateur, du support d'enregis- 
trement. 

21. Appareil selon Tune quelconque des revendications 
1 , 3 ou 4, dans lequel les moyens de detection sont 
agences de maniere a detecter une caracteristique 
spectrale du support d'enregistrement. 

22. Appareil selon la revendication 21 , dans lequel les 
moyens de detection sont agences de maniere a 
commander la synthese effectuee par les moyens 
de synthese de telle sorte que ('information prede- 
termines apparatt sur le support d'enregistrement 
avec une couleur similaire a la couleur de fond du 
support, tout en pouvant en etre distinguee. 

23. Proc6de pour faire fonctionner un appareil de for- 
mation d'images pour former une image sur un sup- 
port d'enregistrement en fonction de donnees 
d'image recues, caract6ris6 par : 

la determination d'une condition qui affecte la 
visibilite de I'information synthetisee, la condi- 
tion etant au moins I'une d'une condition d'uti- 
lisation d'une partie de I'appareil, d'une condi- 
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tion de I'environnement de I'appareil ou d'une 
caractenstique du support d'enregistrement; et 
la synthase d'une information preciGterminee, 
avec I' image representee par les donnees 
d'image sur la base de la condition d&erminee s 
de sorte que (' information predetermines appa- 
rait sur le support d'enregistrement sous une 
forme essentiellement invisible pour I'oeil hu- 
main. 
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